


50 Years Ago
The Office Of Naval Research

Became the First Federal Agency to Sponsor Scientific Research

CE srprred hers ar T-3, 8 wine of the Muin Mavy Building on Constiturion Avenoe, Washineoon, DUC., in 1946, The mission of
the mew pgency was stated in Public Lew 588, “to plon, foster, and encourape scientific research ine recognirin if its parammoum

mportance as related o the mamenance of furure naval power and the preservation of nacional securicy

Vice Admiral Harold Bowen, who wis a femidable foree in establishing ONR, became the
first Chlel of Maval Research A Tine magaeine arvicle in July 1943 staved, " The LIS Moy
knows Admira] Bowen very well, Stocky and bald, ohe fery Admbral frrshnaL .|'|.|| Ly ML
rafer than courkge in bartbe: an absolute fearlessness of SUPETIOr E ik when one of |is 2l
pPROjects s imvolved. His SCEMPPY porseverance 1s i .I._-|-_|||-|.._|.'_| legend.” He bBrowbeat the
Moy into ads fIimng ncw - pressure, high-ten PETATEre sLEiim turbires, wihich (RILEL ed in-
witlusible for Wosld Woar 1's -|||5.'- Hie weas alsi 4 Per=UasIvE tofoe behing the Mavy's devels |
pmisdir o Fada
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The Navy Looks Forward

With Research
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(46, CAPT Corrad was a prmary ar.

chitect of the Office of Noval Research and

estahlished the coniract research program with

1T VETSITES

T'.".r Mavy has embarked upon a venoure
which is not only new to the Navy, but mew
to the Government, and which is of deep
sypmificance to the notbonal weltore as well
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Wi hear o preat deal these davs abaonr re-
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sic, Chmdamental” and “applied”  These
wonds “schence,” "engineering.” "rechnobo-
EY
cuealifying skjectives. These terms have such

" anid “develiprens™ ane also populas, with

1 wariety of isapge that an meellipens discus-

siom is impossible unless we define them. |
shall use only two with very simple defini
tions: research means the mearch for new
knowledee of Maunes development means
the application of knowledge

The decisive step was taken in May 1945,
three days after V-] Day. The Secretary of
thie Muvy esrablished a main office for re-
search in the Mavy Ik-|=:'~rr||u.-||1 Fifteen
ieicaths larer, the Conpress confirmed the
wisdodn of this move by legislarion CRCarinmg
the (ifee of Maval HL'-\J.'.I:LII. a |||-\.J| Ll

appronied by the President Auguse 1, 1546,

Aristotle, Politics, c. 345 BC

This office has broughe active financial sup-
port and encouragement to scientific research
workers in all fields of science — including
e kb — |nadl pares of the counery
Some ides of the extent of this plan s
revealed by the lorest surmmmary | received
We have abour 200

research comtracts coverimg over 400

prsjects, totalling aboart 22 million dallars

hefowe comming here.

More than three-quarters of this volume is
placed with vmiversities and colleges. Con
sidernbly more than half these projects are
--mlﬂ 5'.. 5 '-"‘-."‘-" fHECE

Curicsiry iz imberent in the noture of
man
£81 Manitesrarions of int l.'|:l.'t tual curiosiry
[hrough research, science merges with phi-

e n-l}'h'. ag one of r_|'||_- L1 U---rL:~ of © i

Srienirific research is one of the high-



human spirit. The urge to conduct research
cannot be denied.  All research is benefi-
cial. Mo quest for truth can be otherwise.
Its resulis may be put to wse for good or evil,
but to stifle research would be to stifle the
main hope of humanity, Developments
have created fresh problems of staggering

proportions. Onoly new knowledge can solve
them, and it would indeed be a counse] of

despair to deny aid o research because we
fear its consequences.

From whar | have said, it should be clear
thar it is a contradiction o speak of directing
and conrrolling research. An unesplored
conmtry cannot be mapped. It 5 proper and
mecessary to plan development woek, but re-
search must follow only is inner prompting.
Diirection by an external authority defeats its
cwn ohject, for neither path nor the goal of
research work can be foreseen.

Science now requires more research than
private enterprise can support.  Universi-
ties can no longer depend on the generous
endowments of prewar days, Their staffs are
inadequare, Industry is supporting more and
mare research, bur industrial laboratories
will always be more concerned with devel-
opment (as | have defined it) because in-
dustry’s primary job will always be o pro-
duce. The tools of research are becoming
more expensive, The government musc
therefore lend public sssistance if the na-
ricnal ingerest s o be served, bur this assis-
rance must not degenerate into dominagion,

It is in accordance with this philesophy
that the activities of the Office of Maval
Research are conducted. The responsibdili-
ties af the Navy for the national security
justify the expenditure of naval funds for
research, since otherwise new developments
will wither on the vine,

The most srriking fromtier of rescarch is,
of course, in muclear physics, for we may
expect atomic power developments from it
An immediare object of the Mavy is atomic
energy for ship propulsion. The United
Seares Navy, as any of vou know, is the karg-
est consumer of power in the world.

Another frontler of research lies in che
study of marerials near the absolure zero of
remperature. 1he electrical resistance of
some metals vanishes at this exereme cold,
and elecrrical currenes cireulate mdefinive-
Iy. This is called superconductivity.

.ﬂl’&:ﬂ:rlrnrrwl-n:hrrfﬁ:u[qrralrin
needed before any further significant ad-
vances can be made in the propagation of
ridic waves. Perhaps the highways of swift
aircraft lie far above present heights. Cer-
tainky rockets are the natural power plants
at vast alticedes.  And as we push forward
from this frontier, the dream of interplane-
tary navigation comes within reach.

The sea s an endless research frontier, and
onee discovery imparticular has excited a grear
deal of interest. A deep sound channel has
been found, in which sound waves ravel
great distances withowt much loss in inten-
siry. It s somewhat like a speaking be in
the ocean, and lies ar various deprhs which
depend mainly on the warer temperanunes—
in some cases three of four thousand feet
down, in others Fairly near the surface.

The two new power plants for aircraft are
the turbojer and the gas turbine, with rock-
et-type plants around some future comer.
The turbajet, which powers the most sd-
wanced fighter aircraft of the Armed Servic-
es, is merely @ combustion chamber into
whiich air is crowded by a turbine driven com-
pressor, and the hot gases, driven out behind
s @ jer, provides the thrust that drives the
airplane forward, The striking feature is the
absence of a propeller. The other power plant
consists of a gas turbine driving propeller, in
place of the usual reciprocating engine, Boch
types of power plants promise greatly in-
cressed power for planes, with bigger and fas-
er planes in the offing.

The war brought grear advances in the
art ol caamypartation, and the future 13 now
bright for the mathematicians and these
whi must use mathematics in their studies.
A machine colled the ENLAC, built at the
University of Pennsylvania for the Army
Ordnance Department, can compute the
instantaness position of a projecrile and
determine its point of fall in a shormer time
than the projectile is actually inthe aiz. This
machine ocoupies a room 30 feet by 50 feet
and weighs 30 rons. It can multiply two
ten-digit numbers in 17360ch of a second.
Both the Army and Navy are supporring the
research and development of still faster and
msre flexible machines.

COine big job for a compuring machine s
im weather forecasting. You all are familias
with the weather maps which form the ba-

sis for the daily forecasts. We know some-
thing of the mathematics of meteoralogy,
|.11.'|I: it hhﬁ six months o do a i:l.lﬂ'i'FlI:l:EE
mathematical job of predicting tomorrow's
weather from todays observations. A come
puting machine might do it in a few min-
utes. Whether the weatherman would be
mare reliable if he had such a machine is
open to debate, but at least he could pass
the buck to a machine whenever it rains on
your picnics,

The old securities of space and time are
vanishing. Our powers of self-destrucrion
appear like a baited trap which mankind is
powerles o evade. Where is the new hope!?
Where is the new securicy!

The answer Is in knowledge. The remais-
sance of research, to which the Mavy is
proud to contribute, can create the new
knowledge and stimulate the education
which are the foundations of o better world.
In a more limited sense, the study of our
research results will reveal the evil possibil-
ities against which we must puand curselves,
and this is a natural responsibility of the
Mavy. But in the broad sense, the commaon
enemy of mankind is man's ignorence. We
must bend all of our energies to leaming
mare and more of ourselves and the world
pround us. Research to creare knowledge,
and education to spread it to all people, are
the basic safeguards of civilization, and the
only weapons which will succeed against
ignorance, our ultimate enemy.
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Ten Years of Naval Research —
The Decennial of ONR

Reprinted [rom
Maval Research Review
Aignast 1956

on 1 At 1946, President Truman
signed Public Law 388 which had been
pazaed by the Sevenry-ninth Congress. This
liw established the Oifice of Waval Research
to plan, foster, and encourige scientific re-
search in connection with its paramount
importance as related o the maintenance
of future naval power and the preservation
of mational security.

During the kst decade ONE has been sin-
pularly successful in bringing together the
scientific commumnity of this country and our
prear Maval establishment. Ar the begin-
ning of this period basic research and ad-
vanced study in most of the sciences were in
need of encouragement and support.  From
the beginning OMNE recognized that it could
bzt solve its own problems and plan and
organize its own program of research by help-
ing o restore health and vicalicy o scientif-
ic research in the country 2 a whaole. The
problem of overcoming the scienrise's distrust
of any bureaucraric direcrion of research, es-
pecially by a povernmene agency whose
while mode of operation depended upon au-
thaoritarian control, was very formidable.,

MR established workable policies thar
fidly recogmize and respect the scientist’s need
for independence and freedom.  This result-
ied in par from a long ceadicion of Navy uri-
lizaticn of scientific knowledge, Solution of
this problem provides the key 1o the achieve-
ment of the Office of Maval Research during
irs firse ren years. Vieually all is odher and
more obvious achievements result froem this
ODE.

CJR 15 the Mavy's representative in the
world of swience, and a spokesman for sci-
enice (n the councils of the Mavy Depare-
ienl. [t mion o b make available what-
ever science has to offer which might resule
in modern weapons, devices, and rech-
TUIL[LES, 50 that now and i the foreseeable
future the Uni1|:rj$l=!u Wy wil] e -
tior b0 any i the waorld,

Todo IJ'|'i:q. COME faase EIH“!-‘. i Ehe e
I'|.'|.r||.‘|,1|'|.|= fmeds of the Flest. Wit al.‘l'l.l'.ln.l:r

es should we be making in submarines?

What kinds of new radar and sonar equip-
ment do we need! What kind of aircraft
should the Mavy have!

On the other hand, ONE must know
whiat is poing on in science that will help ro
meet the needs of the Fleet, It must know
the latess thearies concerning the physical
forces acting on 8 mowving body underwa-
ter, such & g submarine; wbout cosmic ray
activiry and very high altitude weather con-
ditions for high-speed, high altitude fight;
the areas scientists are exploring imorder to
become aware of mew findings thar might
hold some promise of use twm the Navy,

CR's program began with the activa-
tion of 8 series of basic research projects in
the physical, biological and naval sciences.
Then, a5 now, the staff evaluared the pro-
grams on the basis of the Mavy's needs, sci-
entific merir, and budget,

The year 1954 marked che beginning of
an era of changes in the Mavy's adminisrra-
tive setup for rescarch and development
These changes are all in the direction of &
mere formal integration and coordinarion
of research and developmene. OMNE became
the central point for coordinaring che many
development programs being carried on by
the rechnical Bureaus. The Chief of Maval
Research now combines the research and
development bisdger requests of the Bureaus
and the Marine Cosps into a single appro-
priacion,

The real hear of ONER's work (s is con-
tract research program. About four-fifths
of irs research is carried our through con-
tracts with universites, with coimmercial
arud inuduserial lakbsmratories, and with mon-
profit laboratories and institutions.
Through its position in the scientific com-
munity, OMR has succeeded not only in
h::];!i:ng the E":l:w? 1 t1'|.|= freme ranks of aci-
ence, but if bus k.e-[:l::.l:lzntilh mterested in
pn::lhirr:u p::u|i.=r Eaa thz Hm."p iﬂl.f 11::
maintamed a nuclew of these specialized
scientists working on current Mavy projects.

Fu::rr EH:JI'I'JFII-E.. |:|'|E' H:\.ﬂr nned.'l. o knwowe

whout envirosimenil ::ml:':il!:il:rru il jrarts

af the world o prepare fer 'Fu,u.:il'.-]r lermdd,
s anid Air Operations; it needs to apply ge-
opraphy to military problems. OMNR's geo-
graphic research on little-known areas, par-
ticulbarly coastal areas, has been used by both
the Mavy and the Marine Corps. Mew in-
formation obtained throwgh peopraphic re-
search provides a source of reliable, basic
knowledge, resdy and available 05 the Na-
vv's needs arise. Thas, Task Force 43 {Op-
eration DEEP FREEZE) is wsing informa-
riom from a project begun in 1952 o delin-
care the coastal features of Wilkes Island,
Antarcrica. As a result of OMR's ceaseles
effors, peographers are thinking increasing-
by in terms of research thar will benefie the
MNavy and are prepared ro apply their skills
and knowledge o the solution of naval
prodlems.

A grear variery of hydromechanics re-
search has been supported o solve many of
the pressing problems chat arise during the
development of high performance weapons
and vessels. Contracrors seven years ago
began to investigare the potencialities of
hydrofoil boars for naval applications, The
excellent speed and seaworthiness of hydro-
fsil crafr have been demonscrared in all
ypes af waves. Hydrofoll boas up oo 50
rons can now be designed and sail boars
equipped wich hydrofolls have been success-
fully rested. A conrract for a protocype hy-
drodod] landing crafr has been awardied.

Sctentific investgation 5 the oot of
continuous improvement of military equip-
ment and of effective rechnigues for their
Likex, F‘h.upnm :El‘!t:ﬂ'pu ETiaps therefore con-
tinuously survey the scientific activity to
insure there are no gaps in the reearch pro-
prarm. Thq' Ery bo channel OMR'S research
funds into those areas most likely mo pro-
e 1.u:ﬂ:l|: resualie. I Wit 1:|Ft|.'u: rature af
basic research, such a plan & always diffi-
cult. Basic scientific resane by seks to find
the underlying principles that povern phys-
ical phenomena. These principles form the
Fxasdx bor u.llm:qum‘lt dzve]:mmmt of h:l:l:r
[m:u]u:u foar thae Nav'p .|1'||:| thie fiEtiomn.



The first program of hasic research spon-
sored by the Physics Branch in 1946 was
the study of low temperature physics, or
cryogenics. This program consisted of re-
search in superconductivity, cryomagnetics,
superfluidity, specific heats and calorimetry,
thermodynamics, and thermomerry, This
program i considered by many outscand-
img physicists to have been the finest ex-
ample of government-sponsored academic
research to date.  As a resule of the cryo-
genics program, liquid helium became casi-
Iy and cheaply available and echnigques for
its use lost their esoferic character. Subse-
quently, research in solid state physics was
joined to cryogenics research. This union,
with its almost revolutionary consequenc-
&3, laid the foundation for much of the lager
work on the hydrogen bomb,

Just lasz year @ series of elecmronics tasks
supporting radio astrophysics and relared
research was initiated, This dramaric, rela-
tively new science studies details of solar
emission, Seemingly pure and far removed
from pracrical applicarions, v is already
making its coneribution to navigation, com-
miunications and other areas of naval im-
POTLATICE.

CMR's contracrors frequently develop a
new idea until the principle is eicher proved
or disproved. Then the Bureaus mke over
and use the basic information for their par-
ticular requirements, For example, the Adr
Branch develops fundamentally new con-
cepis inthe field of aeronautics that are used
later by the Bureau of Aeronautics. It sup-
ported carly research on very light, one-man
helicopters. The KH-15 was built with ad-
justable linkages char could be easily varied
during flight. This helicopter demonstrat-
ed outstanding flying qualities in free flight
afver-less than 10 minutes of ground rie-
down testing. This is particularly notewor-
thy since very small helicopters are charac-
terized by lack of stability, excesive con-
trod sensitivity or both.

Recent, research efforts came to fruition
this year in the actual flight testing on a
high-peformance military aircraft of bound-
ary layer control systems. BLC involves
taking power, in the form of compressed air,
from the jet engines. Through a system of
ducting, it energizes the “dead” air adjacent
tor the surfuces of the wings and increases

their lifting power. Reduction in rake-off
and landing speeds for high-performance
aircraft has been demonstraved by flight reses
with an F9F-4 aircraft for the Bureau of
Acronaurics, Under ONR conrract, six dif-
ferent circulation control systems have been
successhully flight tesved on light planes and
are available with modifications for appli-
cation to service rype aircraft.

Az a result of OMR's studies of noise re-
duction, the Bureau of Ships established
sewen groups in naval shipyards o work on
ship and machinery nobe reduction prob-
lems. Precise study of the effects of wave
motion upon given hull shapes ar varying
spreds involves extremely complex mathe-
matical operations.  The mathematical re-
search performed by OMR contracton has
provided new knowledge of differential and
integral equations of value in solving the
ship designer's problems.

Research programs produce a wealth of
informarion. To get this information o the
proper place, OMR provides for individual
contacts throughout the Mavy.  This con-
cinual working-level association is the heart
ol fes technical mformation network,

One method of bringing people topether
torediseisss thetr problems and beamn of the k-
est developments in a specific field is by sym-
sk Snce 1946 the seven symposia on
undersea warfare have permitted the ex-
change of ides between operating force and
civilian scientists amd EnginesTs. Dl.u:in,g o
symposium strong recommendations were
mude for the initiation of the low frequency
underaster detection research PrOgTaImi.

These symposia promote the cross-fertil-
ization of ideas thar come from conract with
many different scientific disciplines and
engineening fields. In clasified areas of re-
search, such as underwater acoustics, these
symposia serve as a substinute for profession-
al soaciety meetings.

Research resules are also made available
o the other services and frequently adopt-
ed by them for development, Fundamen-
tally new concepts in aeronautics are con-
stamtly studied. One such concept, thar of
vertical take-off and landing {(VTOL) is now
being developed by the Department of the
Army in cooperation with ONER, The first
research work on convertiplanes in rhis
country was sponsored by ONR in 1945,

The Adr Force s developing an experimen-
cal aircrfy, the XW-1, based on these VTOL
investigations begun in 1942, Seill under-
going flighe rests, i has flovn a speed ringe
from O to 193 mphe

Theoretical research pedormed over a
petiod of years in several countries coupled
with existing knowledge led to development
of a prototype of a simple, wingless aircraft,
“The Flying Platform.” The Ammy Transpor-
tatlon Corps b now adapting it to their spe-
clalized requirements.

Project SOLID, a program of ressarch in
basic science bearing on the problems of jet
propulsion, began in 1946 as a cooperative
venture on the part of the Bureau of Aero-
mutics and ONR. The other services have
wdopeed kdeas, results, designs, views and
devices that ariginated or were nurmured in
SOUID. A 1Z-valume set of books cover-
ing most af the Fresenn unclassified knowd-
eddge in jet propulsion and high speed acro-
dynamics, initiated under Project SQUID in
1949, is nearing completion, Work on the
ir-turbe-tocket has reached the develop-
ment stage and the Air Force is pursuing ap-
plication of this engine for its specific needs,

The history of the shock ube program is
particularty significant, due to the fast grow-
ing popularity of the device, once called “the
poor man's wind runnel."” Ten years afrer the
eriginal group was starved ar Princeron,
CHR supports six shock tube tasks ar uni-
versitics and ome at the Naval Ordnance
laboratory, Results are used by the Alr
Force, MACA, and che aircraft indusery.

MR joins with the other services in co-
sponsoring relatively large rasks. For exam-
ple, it has co-sponsored with the Army and
the Air Force electronics research ar Mas-
sachuseres Institure of Technology, the Re-
search Laborarory of Electronics, the Cruft
Laboratory and others.

These three-Service tasks serve s effi-
cient flow channels for interchange of in-
formation on specific research; establish
unified service operations at wocking lev-
els; and provide nucleus research centers mo
permit bulld-up of applied laboratories in
case of a natiomal emergency. The Lincoln
Laborarory ar MIT, originally a hasic Air-
Defense research group ar MIT s Research
I'_aburamnr of Elecrranics, s well recopmized
as an important contribution of the three-



service, non-government, laboratory rype of
Cperarion,

OMEs vigorous program of electronic
digital computer development led to devel-
opment of the Institure for Advanced
Study's electromic compurer — the ances-
ror of an extensive family of compurers. The
Whirlwind computer, developed at MIT, has
made 8 major contribution o the develop-
ment of the SAGE system of continental
air defense, Whirlwind is still one of the
fastest machines in operation, lts magnetic
core memory is probably is most soriking
contribution to the are.

Az the three services are only as effecrive
as the personnel who man cheir equipment,
research on human factors bas comprised a
large part of the OME program.  Papers pre-
sented ar 4 conference ar the Universicy of
Michigan in 1950 were published as a vol-
ume, "Groups, Leadership and Men.” This
book, summarizing the experimental meth-
ks and principles of social behavior, is widely
used in the personnel operations of the
Armed Services as well as in social science
research and operations in general.

The paychophysical characteristics of the
human operator in performing numerous
complex military tasks have not been over-
looked. The OMER-sponsored BENOX re-
port was the fire artempt eo evaluare and
anticipare the impace of high invensiry jet
nesdse upon personnel and operations. e led
tor the formation of the Armed Forces-Ma-
tionhal Research Committee on Hearing and
Bio-Acoustics. Personnel training mase be
comseantly changed and modified o keep
pace with new weapons and pechniques.
MR constantly strives to anticipate these
th::nds 18! t:lﬂjﬂ B prepare fear :-'ls]nl:i.:[u'.ltc peer=
sonnel training.

By keeping in close contact with the sci-
entific commumnity, OMR is able to provide
i base for rapid mobilization in times of
emergency. During the Korean emergency,
for example, Maval Research Reserve Unic
One, a volunteer research reserve unit, was
gquickly mobilized for active duty, This
gronsp of biologists, working as a team, stud-
ied fatigue in combat.

Scientists who have worked on ONR-
sponsored programs constitute g pool of
skilled men who are available as the occa-
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sion arises for special work for the three ser-
vices, One such group has acoeally conduce-
ed field research in remote and foreign ar-
cas, often under rigorous climaric condi-
tions, for the Geography Branch. For che
mest part, these trained observers have ac-
quired broad first-hand and specialized
knowledge of these areas; dhey have devel-
oped special abilicy to conduct research
under difficulr, strange or extreme condi-
tions. Recently many of the more than 200
scientists experienced in Arctic projects
have assisred the Mavy in Operation DEEP-
FREEZE, the Air Force in construction and
supply of the DEW line, and the Army in
irs Creenland operations.

R also works with ocher government
agencles. One of its most important pro-
grams in this respect was Inktiation of the
application of electronie computation w
dynamic meteorology. Since 1946, this

project has grown ineo a complete opera-
tiomal program of numerical weather fore-

casting under joint spomsoeship of the Mavy,
Alr Force and Wearher Bureau. Within a
few years, mereorologists should be able vo
forecast weather with nearly 100 percent
accuracy. ONE's coneribution o this vear's
intensive sousdy of hurricanes will include
high alvinede phorography from balloons
and rockets [Research Beview June 1936},
The Mational Bureau of Srandards and
MR cooperate in an extensive basie in-
strumentation program to sdvance the seate
of the art.

Muclear phiysics research, begun in 1946,
prevented o time lag of two years in acquir-
ing basic information and helped to restore
a supply of essential sclentific manpower.
The program was so vast that the Atomic
Energy Commission joined with ONR in
1947 to begin a continuing co-sponsorship
of basic research that has become one of the
major hasic research programs of the coun-
try. A close, slutary working relationship
exists between peronned of the two agen-
cies. Development of a whole family of ac-
celerators has pesulred from the program.
Cosmic rays have been studied at many lat-
itudes from the equator to the Geomagnet-
ic Morth Pole on both limd and sea.

Certain early tasks in aeromechanics e
search matured mpidly in response o the

advancing needs of actual aircraf; their
growth demanded more financial support
than CME could give, This led o joint sup-
port of many tasks with MACA and the Air
Force, and evennually mo sole support by these
agencies, Many of dhe original OMR con-
tractors are now working very productively
in NACA and Air Force programs.

Many resules of OME research are classi-
fied, desigred ro answer specific milizary prob-
lerms, Many benefics, however, occur from this
research thar are beneficial o the nation at
large. Mew basic scientific information even-
mually benefies all sociery, Scientise working
under the contract-research peogram publish
thetr findings in professional journals when
theey are not essentially milivary. These fimd-
ings then funmel down o the public theough
bemer production techniques, better matert-
als, and betrer produces. OMEB also nums over
masch of is information w industry to encour-
age more efficient production ar rares dhar will
benefit the government.

OME foresaw the demands char a sue-
cessful computer development program
wiuld make on marthemarics and marhema-
ticians. From the beginning it embarked
o an ambitiows program in numerical anal-
yals; it rrained programmers and coders,
OME constantly advocared more research
and rrabning in what was then considersd a
most unactesceive fleld by the mathemari-
cal community. The [nstirute for Mumeri-
cal Analysis st University of California, Los
Angeles doing contract research, antraceed
some outstanding mathematicins, [ in-
I.erul.lng to pote thar as compuler centers
spring up all over the country the numeri-
cal analysts who are the mainstay of the
CIMR progrom are n:'pl.‘.ﬂl:n'-'lh' IFIFFLH-'lIl:l'In'J ek
take over their directorships.

Publication of the Digital Compacter
Mewsletter gives industrial and academic
|1-|:1::|:'-]|: irwodved in Coampuber resenrch and
development up-to-date information on the
state of the automatic digital computer are
in this country and to some extent abroad.
[ts published reports have been particulardy
waluable as a reference.  This information
has helped o develop computers designed
for its speciplized requirements and to use
numerical analysis to solve its complex

problems.



Research in the biological and m';.hrh
logical sciences produces innumerable ben-
efits for the civilian economy.  In these ar-
eas the benefits are often immediately ap-
parent whereas in other research the carry-
over comes later.

A revised comcept of the nature of bum
shock broughe about & new oreatment. As
all fumcticns of the human body are regu-
lated and coordinated in some way by the
mvervious system, a brosd progrom in neuro-
physiclogy was initinted in 1946, Data ob-
eained have made possible the development
of new agents and procedures for relief of
fatigue and pain, for the promotion of alert-
ness and rejuvensscence, for the control of
putonomic imhalance, for the treatment of
tension and anxiety, and for surgical repair
and rehabilitation,

Special studies in the field of flying safe-
ty, undertaken to improve military aviation,
led to design principles and concepes that
have been adopted by all experts in flying
safery. The program has had s profound
impact on the aviation indusory chrough-
out the world.  Travelers in many modemn
transport airplanes enjoy safety measures
developed under this program. Manufac-
murers of new type aircraft now on the draw-
ing boards are taking advantage of advice
and recommendarions provided by these
crash analysis experes.

Medical advances include development
of blood plasma expanders, new echniques
for rissue preservation and mransplancacion,
new antibiotics, plastic *arrificial corneas®
to replace damaged comeas have been suc-
cessfully tesed in animals. i

Cirowth of the Laboratories of Bacreri-
ology, Universicy of Morre Dame
(LOBUND) is due in large measure o
CR's suppore. Here animals are eaised in
acompleely permi-free environment. Thas
ir has been possible w prove s long-held
hypothesis thar bacreria cause rooth decay.
Gierm-free animals fed a sterilized carlogenic
dier have no carles. Conrol animals raksed
i1 a notmal environment and eating @ reg-
ular diet have caries.

Srudies of marine ofganisme, a part of the
hydrobiclogy program, is direcred in pare
rovwiird preventing damage o wooden port
seructures, to metallic substances subject o

corresion, and to ship hulle. Marine horer
attacks cause annual damage of $350,000
o woosden structures in waters surrounding
the Linited States. Scientists are busily
searching for a method to prevent such ar-
tacks, Survivors forced down at sea need to
know what marine life to avoid and what
can be wtilized-particularly for food. Hy-
drobicdogical research helps to provide this
all-important information.

Many developments in commercial avi-
ation stem directly from the work done by
ONR's contraceors.  Presently, in coopera-
tion with the Bureau of Aeronnutics, ONE
is supporting research on development of
aircraft instrumentation that will permic
aircraft o operate in all kinds of weather
with a minimum of cost in equipment
weight and pilor training and a maximum
gain in reliability and efficiency. A trans-
parent, flar-plate relevision tube will replace
many instruments in today's cockpic and
permit safer flighe.

Thie core of any nation's scientific resourc-
&5 has alwaye been in is centers of learning,
the colleges and universities. There meost of
the real pioneering work in science is still
carried on. There men and women search
for mew knowledge abowt the universe, of-
ten with no thoughe of practical applicarion,
bust simiply becaise they are driven by an urge
tov kmow more abour the world.  Their dis-
coveries lie at the basis of all the develop-
ment and engineering work that lesds o new
products and new processes.

This program has been mutually benefi-
cial o the scientific community and ONE.
For example, research in the machematieal
sciences has provided scaristical conrribu-
tioms 1o the solurion of current, concrete
military problems. Indirecely, it has aided
the milicary in the development of & quick-
ly-mobilizable reserve of professional stat-
bsricins familiar with the e of siatseics
i miliary applications. The program has
provided inrellectual stimulation o scien-
tiets for it has opened up new problem areas
that require basic theoretical work 5 sta-
tisties and probabilicy.

Many OME investigatons have recelved
outstanding awards including the Mobel
prize. Most recent reciplent of this award
wid D, Linus Pauling for his work in deter-

mining the structure of 8 limited number of
proteins by x-ray diffraction methods, Many
play important roles in scientific organiza-
tions. Three past presidents of the Ameri-
can Psychological Associarion, for example,
have been principal investigators on OMNE
contracts,  The American Marthemarical
Sociery's Bacher prize, awarded every five
years, has pone to OMR coneractors twice.
The coneract research program with uni-
versities aleo affords an oppormunicy for stu-
dents to do research leading o advanced
degress. At war's end, less than 3 Ph.D,
depress were granted in physics. Today, due
in & large measure o OMR's sponsoship of
basic research in physics, approximarely 115
Ph.l. deprees in physics are given annal-
Iy, Tomorrow's scienists and engineers can
only be rrained through basic science car-
ried on in the universicies.
CR's impace on the scientific commu-
nity inclsdes:
1. Release of immediare financial pressure
on crearive sclentists-more money for
spplics, equipment and assistance,

1, Suppor for post-doctorare personnel,
3. Supporr for revired, but seill prodiscrive

ECbEnrises,

4. Development of a parcern for adminis-
rrarion of government support o hasic
rescarch. Fed mape held ro an absolure
i,

5. Training of admindsceators, { Two program
directors of the Mational Selence Foun-
darion were fese administraoes of ONE
CORTEacta )

6. Stimulacion of selentifie communication
by support of conferences, symposta, for-
Eign and domestic travel,

7. Freedom to pursue his study with a min-
imurm of imterference.

Cordial relations have heen mnim:n:imd
with the scientific COTITILITELY abrond. A
branch office in London pu'vm.'i.qlu,-.n constant
liatsom and keeps OMR scientists informed
of the lapest ﬁ.'rl':i.i;n scientife ﬂ:m:lq'.rrn:nt:
and trends. The Acoustics Branch early
recognized that opportunity to make a ma-
Jeir contribution ko uncberwater sound, l::q.l.-:
article in Research Reviews for August 1956,



"How Fast does Sound Travel in Sea Wa-
rer!™}, could best be obtained through a co-
operative effort with British research and
development in chis field, Opportuniries
were provided for personal contact of pech-
nlcal people at the working level with a most
salubrious effect.

OMR's work is increasingly recognized
ahrond as evidenced by swards presented to
its conrractors. A Yale scientist, working on
a bong-range program in radio astronomy has
received the gold medal of the British Roy-
al Sociery for his work on this program,

OMR is assisting foreign scientists with
their research projects. Muclear emulsion
packages were flown for a group of Europe-
anscientists during SKYHOOK launchings
i Texas in 1935, Eleven sciencists, mem-
bers of CERM, the European Organization
foor Muclesr Research, wrote the Chief of
Mawal Besearch:

"The undersigned, on behalf of eleven
European kaboratories engaged in research
oty costnic rays, wish to express their graci-
tude o the Office of Naval Research for its
valuble help in arranging for the exposure
of stacks of photographic emulsions ar high
alrirude.

"I thus making it possible for us to rake
achvantage of high altimde balloon fights,
OME has made a significant coneribution
tirscientific cooperation at the internarional
level. We feel sure thar importane resules
will flow from chis type of collaboration.”

OME will conduct many experiments
during the International Geophysical Year-
-particularly in the upper armosphere, This
aren of research has been actively sudied
by OBNR ever since its osgamizeion, [ts ear-
ligst upper atmosphere research project,
HE.L]'I::ISI started in 19446, ervistaned a
manned flight to the stratosphere. A clus-
ter of 100 balloons would carry the manned
gondola ro the stratosphere as one step in a
series of upper air research and explosation
programs using manned and unmanned
craft. The state of the art of ballooms, how-
ever, had not sdvanced sufficiently to make
thiz manned flight possible.

To leam more abowt cosmic mys, tem-
perature and densicy of the atmosphere and
other related data, scientists needed an in-
strumented laboratory that would remain
alodt lomger than the rockets then used

obtain essential data, Research produced
the plastic SKYHOOK balloon since wsed
extensively to probe the upper stmesphere.
The data brought back has helped scien-
tists picce together a better description of
conditions 1o be encountered beyond the
earth’s armosphere.  This information has
already made it possible for man to fly o
heights undreamed of a few shor years ago.

In pursuit of basic knowledge of the up-
per armosphere, OMNE has utilized new tools
and techniques. Because of its vast expen-
ence in this phase of research, thet began
with Project HELIOS, the Chief of Naval
Research was designated to produce and
lsumch a small, unmanned scientific sagel-
lite as a part of the LS. conribution o the
Inrernational Geophysical Year

Thas, ONE, since itz inception, has rep-
reserted the Mavy in science, coordinared
maval scicnrific research, maintained liai-
son with the scientific community both in
this country and abroad, and cooperared
with other government agencies in further-
ing basic research. [t has supporved scien-
tific rescarch in nearly every major scientif-
ic fleld, and is research resuls have made
possible a new Mavy, second to none.
Countless significant benefits have also ac-
cred o the civillan economy.

OME will compinue tobe deeply involved
in schence in order o keep abreast of scien-
tific progress and ahead of its comperiors
A hundred years ago, when science was a
casual, slow-moving effore, the Mavy could
afford o walr to adopt 0 pew plece of ma-
chirsery uneil an inventor had worked it out
Today, however, scientific- research s a
broad, organized, expensive, fast-moving
effore. Mo longer can the Mavy afford ro be
o mere spectaror, standing by o purchase
the results if they appear weful. It most
penumlly be in science. It mast conduct s
o research and support the work of och-
ers. Tham, the Office of Mavil Research will
continuee its support of hisic research 1o
mest future emerpencies that will reguire
the nation to be self sufficient in all flelds
of science.

The period from | Augise 1956 through
3 July 1957 was desipnated as the Decen-
ndal Year of the Office of Maval Research.
This period provided a fitting occasion for
the Office of Maval Besearch to evaluate

is peast contributions to our national defense
and to make definitive plans for the com-
ing years. The various intra- and inter-Mavy
sSymposia, comferences, pﬂ:l.h:a:]utm el
that are rraditionally sponsored by the OF-
fice er:.vn| Research 'd.rlLL ELI:H:I‘!I this Yiear,
ke of pointed significance to the Mavy's in-
tenests in research and :I:w:l:m:m:.



Acceptance of

Captain Robert Dexter Conrad Award

by
ALAM T. WATERMAN
Divector, Matiomal Science Fouendarion

Presentad ar ONE s |Ooh Anmiversary Symposiem

Ml. Secretary, Admiral Benneor, Dr, As-
tin, Ladies and Gentlemen:

[t i3 a deep personal plessure chat [ should
ke the first person to recelve an awand dhat
honors a fine and courageous gentleman,
Captain Robent Dexter Conrad. 1 am proud
thar be was my frend and my colleague
duritng the exciting days that marked the
bejrinmings of the Ofice of Naval Research.
A man of vision and imaginacion, he did
mit hesitabe to chart what in those davs was
a nowvel course for a Federml agency, and es-
pecially a military one — the peneral sup-
port and encoursgement of pure research.

My entire experience with the Mavy, firse
with the Office of Research and Inventions
and then with the Office of Maval Research,
[ regard as one of the most rewarding of mry
life. The challenge of the opportumity pre-
sented by the Mavy in the wisdom and fore-
thought of its planning for the Office of Ma-
val Research was very great. Such a chal-
lenge, together with the competence and
enthusizsm of the members of the Office,
both civilian snd military, and the warm
friendships among the Mavy thar grew dur-
img this association have been to me ample
reward in themselves.

In my present capacity, | should like ro
add the compliments and respects of the
Marional Science Foundation. The Foun-
darion, established ar abour mid-point in
the lasr decade, owes much o the ploneer-
ing effores of the OME. The wise and Liber-
al policies of OME in the adminiseration of
irs pesearch eoneracts have helped to sera
pattern for new agencies as they have en-
rered the fleld of research and development.
The Foundation takes grear pleasure in i
cotitinued close maociation with ONE.

Ar this point | should nommally expect
Loy sEogs. However, yourt program has ine
down for a formal “response,” and | find
mﬁlhﬂlf ir IJIIET“I'I.'I:'I E'I'EI'F I.D'L]'.HJIH’E' IEi.hJ.'I

me to speak in the most glowing terms of
thie groweh and the work of ONE, bur the
award which you bave just given me inhib-
i my following thar theme as eagerly as |
should wish. 1 am sure, however, thar all of
us who have been associated wirh CONR
would agree tha of a single individual de-
servies recopnibteon for the conception af the
Oifice and the course of its future develop.
ment in support o slpn:i:llr.n'] and imaygi-
native research, that imdivedual iz, withous
gquestion, Bab Comrad himself.

Dharimy these begmning years in which we
were feeling our wany with new and EXperimen-
tal methods, Captaim Conrad, ss Head of the
Planmning Division of OME, was an mspiring
and stimaelating leader. He proved that there
is men barmier, real or imeginary, berween sci-
entists and the military, and that they are able
o work fruithelly together. | had the fun of
directing the scientific program, but upon his
shoulders fell many of the sdministrative bur-
dens of firting the new Office and the new
program into the long-established pattern of
the Mavy. The fact that we are, this week,
ohserving the decennial anniversary of the
OMR isamiple proof that be did his work wedl
Today the Office of Maval Research is o fa-
miliar and respected name dhroughowr the
Crovernment and in the academic and scien-
rific communities as well

[t is & remarkable example of teamwork,
with coordination and dedicarion of a high
order shared by many from the Secretary of
the Mavy throughour the ranks of the Of-
fice irself, | inverprer the award as a symbol
of the Mavy's feeling with respect to the role
of the ONE in Maval affaies, and on behalf
of those who were associated with the Of-
fice in s early days, | wish o express our
deep thanks to the Navy.

I refuse, bowever, to let any sense of mod-
esty stand in the way of expressing my high
an.m] for the standand Lll'}'-:rﬁ'rm'l.a.me of the

warrk of the Oifice i 18 recent vears, and in
thils | echio the sentiments of the country, i
you well know. A sygmificant step in the
growth of the ONR occurmed when the Chael
of Waval Research was instructed to take the
lead in scientific research and development
proygrams of the Mavy, This was a logical
mewve, because the Office of Muval Research
occupied o central position in research and
development and, ot the sme time, had
broad and varied experience in the scientif-
ic and technical aspects of Mavy programs.
The present plan should prove an undoubt-
el msset to the Navy in providing a suitable
degree of centralized supervision while per-
mitting the degree of sutonomy that the
Mavy has eraditionally sssociaved with its
bureaus. It also sffords excellent opportuni-
ty for close cooperation with the Chief of
Maval Operarions on MNaval requiremenes as
they relate to research and engineering de-
velopments.

Ini these dovs of rapidly expanding bud-
pets in our growing technology, we mise face
up to the problem of determining our abil-
ity to pay the coss im dallars, manpower,
and organized effort for those areas of de-
velopment that are necessary o our eco-
nomic and defensive srengrh.  There has
been an uneasy feeling on the part of many
thar the problem of rising costs should be
met in part by curtalling scientific research,
which is the source of the ideas and data
I'E\-'.'|U|l'v|:|.‘|. for future i.ll:'i-'l.‘I.IIJFIII.'IEI.'Lt!. This
woiild be a serious mistake. e is like saying
that an indusery should ke prudent care
of ies future interests by failing o replenish
irs =I!|_!:L'.p||.-|: and sougces of manpoweEr and
|:'|.|11ui.|irlg its libraries amid reference facili-
tles. We musst have the scientific clarn, we
pivisst have the idess. Where we need to ex-
ercise imnost careful ducrimination s in the
silectiom of the devel ket work thiat can
be ursdertuken most Fn.|:i|:ﬁ.|“l|r. Such selec-



rion is itself @ mamer of research and can be
powerfully assisted by research technigoes
such as operations research and high-speed
compartations. It is in chis rransition phase,
a5 engineers often call i, that the Office of
MNaval Research, in its new role and in co-
operarion with CHNO and dhe Bureaus, can
make a grear contriburion o the Mavy and
tor the counery,  The OMR is now compe-
tent and experienced in the appraisal and
performance of research, and dhrough the
close associarion berween scientists and
engineers and Maval personnel it can bring
the weight of its experience to bear on this,
one of the most rroublesome problems of

roday, In soosaying, however, | do nor wish
tor imply any decrease in OMR incerest in

CAFT Robar Dekier Congd
Fenet of e
(e of e Rsieach

hasic research; this provides the fundamen-
tal strength for its entire program

Bur | do not intend to ger stared on &
speech at this poine. An old geologist friend
of mine used o remark in after-dinner
speechcs

[here is a thom on every rose,
There's fuzz on all the peaches;
There never was a dinner ver
Ihar dicnt have its speeches

And there s more than the usual ameoune
of fuzz when an old-timer pers searted

In expressing my deepest thanks wo the
Commirtes, o Secretary Morton, and o
Admiral Benmerr and vo you, the Office of

Coevad Amaed

Maval Besearch, my only regret is char Rob-
ert Conrad did not live to share this mo-
ment with ws. He was, as you know, the
victim of a malady whose mysteries will
some day be solved by research. Although
he was well aware of his oan condition, he
never lost his cournge or his scientific ob-
jecriviry, and he gave hope and encourage-
ment o others. In accepring the award
which bears his name, [ do so in full recog-
mition that it symbolizes noe so much the
achicvements of one person & the ream-
wirk which has grown up berween science
and the Mavy in their common dedicarion
o screngthening the Unived States and ad-
VENCINE the phogress and welfare of man-
kind, Long life ro OMR

O Al Héaerrmian
i Sl Sedaiin! af CMR
A Ay Dimeroy of Nafioven' Soence Fundaios
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ok'rr these past years, | have witnessad
rremendous progress and accomplishmeni
in the scienrific endeavors made i support
of the National Oeeanographic Program.
Of special interest has been the incremsed
emphasis on the exploration of the deep
ocea — the last rrue frontier on this planet,

Shortly after | took office, the lathyscaph
TRIESTE made its historic 35,800 foor dive
tor the bottom off the Marinnas Trench off
Cruam. Although this was a record dive and
a natable "firse," we of the Mavy recognized
that the event, n iself, made only minar
contributions to science; it was important,
rathier, as one in g weries of conorolled reses
desigmed o prove TRIESTE's capabilities
furr dheep-ocean research. | chink chis poine
wats lost to many people at that cime. Com-
ing as it did on the eve of manned explora-
tion of space, the feat itself atcracred more
intersst than its true MEANIME I TeTTS of
the future scientific mvesdgarion of the sea.

| emiphasize this past history because |
think too often we tend to stress the spec-
tacular — the record altinsdes and speeds,
the machine rather then the intended pur-
pose af the machine. This inclinacion is
nat unigque to deep submersibles. All of us
have witnessed the spectacular growth of
seronautics from the propeller driven air-
craft of World War |1 to the manned space
flight= of today. Like millions of Americans,
we have followed eagerly the achievements
of a rapidly accelerating rechnology — a
lt'l.']'ll‘ull».ll."g.' that hIIF'L"Iu“'r will Pl owir Gis-
rronaues on the moon within the next de-
cade, But our amention tends to be focused
] I!|.'I.-|.' h:‘l:l'd'.ln-‘:i!k_'. aif the |l|.|-.:l|. ard on the
“firsrs.” All too often the intended purpose
of the mision & fergoren

| for one, do not subscribe to the Hiajnrt B
fnrh EACTOSANCT |.'H.'J:||:| thiat Ih.-u incnmfann
*1'|'|-:l1.|:|-J e |.|||:|:||-1-:\£ e ciiise ot 1H|'|q:n:. that o
certain altitude o -J.lrrl[h shiosuld be nchieved
h?l.'dum.‘ T inAA ||;.u rrL"-'I.III.IhI'.' tlown or
plum;-.h! s far. | believe that tools are de-

s

veloped to achieve
apurpose. Inaday
when the dr.-w,-lnrh
ment of ools de-
mands such rre-
mendous national
resources, this pur-
pose must be responsive to the inereses of
the Mation and its people.

ALVIM is one such wool.  Although i
designed depeh of 6,000 feer is considerably
less than that of TRIESTE, the speed, en-
durance, maneuverability, and range of
ALNVIM, plus it self-conrained ballase sys-
rerm, permit us o call i s submarine. T will
b thiee firse deep-diving submarine ro go into
operation anywhere,

The men who are privileged o dive in
."-L"-"JN ik I]l SEE [Eill'lm: tllur l.lr:||.| irucdiviabi-
edly make news for many yeass to come. Buat
those of us in the Mavy, industey, and at
Woods Hole who helped conceive and being
hier i being will be more concerned, |
hl.lpl'.‘. OVET 115 LMt an sCpEmblie ru:u.m.'h.
particilarly basic research imporant o the
narional interesrs, Ot purpose 5 Eo -
vance man's knowledge of the sea; ALVIN
is bt ome means 1o this end.

We himve other objectives in the ocenns
besides research thar demand tools for we
in the deep-sea environment. Deep-diving
milisery submarines are expanding the po-
teritial arena of naval warfore. We must
understand this fnew and .]r'rnandin.g ETIVE-
foinenit. We must also be .1['\-]:* fiw |i1.-c .1.1'||_'|
work @ it

The tragic loss of the submarine
THRESHER emphasized the pitiful inade-
quiacy af our peresent :rr]‘:nnlr'ﬁv o plumh
the ocenn's depth and perform useful work
on the ocean’s floor F':hip-lu'm'ﬂfd CHRIMTHEE-
as, precision depth recorders, and other ad-
vinced oceanographic instrumentation
were mobilized behind the search. Bar, in
effect, we were groping blind from the sur-
fuce, | know | speak for many of the men

whao poined the search for the THRESHER
11.'|"|.-|.'|:|. | H 1|-|ur We wene :1{~r-r'i.'|.|'|1.' Fn_|!.l|1'.|'r-
i ar o |.|1'.||.'li|il1_,I (18] i.-.rr|.'|'l|-::-1,' thie best sen-
st o all — the mind and eyes of man

Ewntu:n“y WE Were '.||'||¢ to h'inp: TFI.l
ESTE into thie search. Her -.‘||1.-'ﬂ. -.lnl:rnnn-
et u]l:.arh.' the .ﬂL‘I'I.'iII'II.Hl:'"‘I_' af \rfrcrll.'r.
Flunuu:l.'.:ll cabservitiom. {_:'h';m‘rn wWeTeE r|.'|'~|c
tov eoufirm and |'I|.'I|li1hﬁl'.ll'|]'| the location of
atruckuarl paarts of THHFSHER T Tht
ocean lloor, In one of it dives, the baihy-
.-H.'ilFII'I wsed its mechamical arm to retrieve 5
|u||g|i1| of copper pipe bearing markings
which |J|IE|:-I.I'IiIt'I'|.' established that it came
trom THRESHER.

But TRIESTE was not -_:li:_t.”'_l;ni:..] fior
search and recovery. [t is in reality & slow,
iwkward, deep-sea elevator having little
horrzontal mokdlity, which sreathy limits its
area of coverage. Clearly, s new generadon
deep diving submersible must be perfecred
for this specialized wark,

In April of last year, the Secretary of the
Mavy convened a group of prominent sub-
marime l""FF'.l:I:'ﬁ-\. marine cngineers, HHIJ
cceanographers to prepare recommendsa-
rioms on what capabilities the Navy would
require to locate, identify, rescue, and wl-
vage objects of all sizes at any deprh on the
ocean's floor. In late May, the Secretary
approved the recommendations of this
groap, Soon o be launched will be a pro-
gram to advance our technology sufficient-
ly to perform a variery of military missions
in the deep ocean. The Special Projects
Office will spearhead this effory; s past ac-
complishments on the POLARIS project
argues well for the Mavy's new deep-submer-
BENCE PIOETAM.



I would like to emphasize here that the
vehicles and rechniques presently under
consideration by this group will not be de-
veloped primarily for oceanographic re-
search. Certainly, the program will be of
tremendous interest to the scientific com-
mumnity; in fact, we are depending in large
measure on its support.  Bur here again we
are speaking of rools and purpose. Our main
purpose in this respect is submarine rescue
and salvage, and | think it would be unfor-
tunate to confuse this purpose with ocean-
ographic research.

On the other hand, | am confident chat
the technology resulting from the- Mavy's
deep-submergence program will profound-
Iy affect the development of structures, ma-
terials, and techniques needed to build the
many tools of cceanographic research and
ultimarely those wols and engines needed
for exploitation of the ocean's abundane liv-
ing and mineral resources. | have in mind
deep-diving submersibles mo perform geolog-
teal and geophysical exploration, v drill oil
wells, and ro mine minerals over the 71 pes-
cent of the earth's surface covered by ocenn;
tools to budld underwiter strsctures, aich
as tunnels, cables, and perhaps eventually
villages beneath the sea; and deep diving
mhmqlrlru:l for 'I:n'.ll;i:il.‘l.g_.:.nl;! nl'uﬂ'\.'ing CONT=
mercially valuable fish, for fishing and
aquaculiure, and even for expanding our
already flourishing sea-bomne commerce.

Such predictions, no matter how fanci-
ful they may seem today, will require ex-
panded knowledge of the sea. This knowl-
edge can be developed only through scien-
tific research. The job is so big thar vehi-
cles needed for research must be designed
and built for this specific purpose and no
ather.

The first such
vehicle is ALVIN.
With ALVIN we
can greatly acceler-
ate the exploration
of the vast ocean
depths. MNeary one
half of the water
volume of the
ocean and neigh-
boring seas will be
accessible to the
scientists who will
use her. This area includes most of the life
of the sea. AIVIN will be capable of ex-
ploring one-sixth of the ocean's bomwom, an
area almost equal to the surface of the moon.

ALVIN will help solve many of the prac-
tical problems long wolerated bur never re-
ally accepted by the sea going sclencist, |
understand there b5 a saying among biolo-
ists thar rowing a sampling net through the
ocean is like rninning madly through an
open field blindfolded holding a burterfly
net above one's head, ALVIM will pur the
biclogist where he belongs-in the center of
the marine environment with his net and
eyes open,. Here he will be able to observe
directly the concentrarions and behavior of
marine populations, The Intersction of
animal life and the environment can be
studied throughout the water column.

Ideally, the marine geologisr would like
to do on thie sea floor whar he does on land
— walk or fly over areas of interest, collect
specimens, and study and map significant
features and phenomens. ALVIN is the first
srep towand eliminating present blind, hie-
or-miss methods of bottom sampling. The
geodogzist, instead of groping mwkwardly from
a rolling platform thousands of feet above
his rock dredge or poking andom holes in
the ocean floor, will finally be able to make
discriminating, personal observations, Sam-
ples can be collecred with ALVIN's me-
chanical arm, and photographs can be k-
en with its cameras.

The vessed also promises (o be of great val-
ue in physical oceanography. The speed and
direction of undersen curments can; be mea-
sured more accurately. As ALYIN drifts slowdy
dovmward through the water column or uses
its propellers for vertical movement, scientists
can obtain continuous profiles of rempersne,

salinity, and other water charscteristics. Other
potentinl uses of ALVIM, some of which can-
not now be anticipated, will be made as this
research tool extends the eves and ears of
oceanographers to the unexplored regions of
the ocean's deep frontier.

ALNVIM and the deep-diving research ve-
hicles that will imdoubtedly follow her prom-
ise sufficiently exciting dividends thaz | have
requested the Interagency Committes on
Oeeanography, of which | have been privi-
leged 1o be chairman for the past five years,
o prepare a plan that will allow our member
agencics to apply this unigue ool to prob-
lems importane oo national security and wel-
fare. | believe our optimism i well founded,
Furure development and wider wse of the
deep-diving research vehicle will depend in
large measure on operational experience and
resesrch resuls, ALVIM, a8 8 new research
oo, 15 expecred o play a mapor role in pro-
viding this ssential experience while ad-
vancing the science of the sea.

As we inaugurate this grear new adven-
tuire into the realm of the unknown beneath
the sea, we should recognize especially the
imaginative planning and determined ef-
fosres of the several organizations thar have
rurned ALVIN from a concept into a reali-
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Science And The Military Mission

Lawrence Livermore Laboratory
Delivered ot ONRE's 30ch Anniversary

om- of the mose specracular accom-
plishments of seience in the Navy was the
contribution of A. A. Michelson to an ex-
ceedingly important area of pure science.
Micheleon, as you may recall, was a Ma-
val Officerca praduate of the L5, Naval
Academy. In work carried our at Annap-
olis, he showed thar the velocity of lighe
reletive to the earth ts independent of the
morion of the earth. A few hundred years
ago, this result would have been interprer-
ed as proof that Aristotle was right afrer
all and that the earth cannot be moving
Ar the time, it began to be realized char
the deepest conceptual changes concern-
ing motion must follow in his discovery.
From this realization, a search for the na-
ture of these changes followed, evenrually
resulting in the evolution of Einsrein's
relativity theory,

This remarkable accomplishment
{which had, of course, no immediate peac-
rical consequences) | might balance with a
counter example. In 1939, Enrico Fermi,
recently arrived in this country, tried o per-
smde senior Mavy officials of the impor-
rance of the application of nuclear physics
to the production of what we now call atom-
bc bombs. Unformunately, he did not suc-
ceed because there was no techinically com-
petent office in the Navy o consider such
marters — one might speculate how much
history could have been changed had ONR
existed in 1939, :

Jasme afrer che Second World War when
CME wus established, one of irs fisst actions
Wils T0 SuppOr sclence ar universities, In
doing this, OMR reinforced and sugment-
ed the old and wmuly imporant linksge of
the military with science. Today, aftera very
destructive period of antimilitary, antitech-
nological, and even antiscienrific move-
ments in our universities, we can fully ap-
preciate how important it was on the part
of the Mavy o have set the goal of enhanc-
ing and maintaining cooperation with our
scienitists at an early stage and maintaining
it throwghoue the wudbsulent period of the
1960 rthrough the agency of ONEL

L]
d

Mow o the ominous problem thar is fac-
img us at present. We have heard guarded
statements about the United States still
having supericority along the ocean rownes
connecting the matnland of the United
Seaves with Hawaii, Alaska, and Europe.
The implication s clear. We have lost the
power to guarantee the freedom of the
oceans with the exception of the limited
regions most important o curselves and our
chosest allies. The future is even more fright-
ening. How lomg can we maintain superi-
ority even in this relatively small porthon of
the deep seas!

Why have we lost this power, and what
can be done to revive it? The outlook 1=
not good. An antimilitary trend has pen-
crrarted d“ply into the Congress of the
United States. As a resule of this, our de-
fense budger has steadily decreased over
the past decncde im relation o thst of the
Sovier Union. As long as the Soviet
Union can outspend us in military respects
{even though their economy is much less
srrong than ours), it will be hard ro avodd
the menace of Russinn superiority, which
may soon become overwhelming. In this
siruarion, the quality of our work becomes
particularly important, and this in ruem is
directly relared vo our scientific effort. |
is mot easy oo be optimistic about the po-
rential for widespread scceleration of a new
and sorong coupling between the military
and the sciencific community through mil-
itary arlented scientific and rechnology
programs. Omne of the primary problems is
excessive secrecy in defense, which repels
the scientist. In Russia, such consider-
ations make less of a difference, because
the Russian scientist has less of a free
choice, partially because secrecy and oth-
er reatrict ions will be with him whether or
not his work is connected with defense. As
an asice, it should be noted thar in the
dehates reganding levels of defense spend-
ing in the United Stares the mue facts of
Sowviet superiority are suppressed and with-
held not only from our sclencific commu-
nity but from the population ar large!

It is remarkable thar the Unived States
has managed 1o keep ahead of the Soviet
LUnion in exactly one technical field: elec-
tromics. This is a field in which officinl se-
crecy has hardly been appliecd. One may
therefore make a good empirical case that
in our society, secrecy s counterproductive.

What may be lacking s the thorough-
poing application of our magnificent elec-
mromics industry (which includes television,
hand-held computers, and everything in
between) to problems of defense. In this
respect, the Mavy and also ONR are engaged
in important research. One may mention
as an expmple the recent and most sigrufi-
CANT INVESTIERTIONS on ]:!n.u:ﬂdul'l!‘l- im which
many small computers may be broughr to-
gether inno a flexible system thar is likely o
ourpace the p-r.rﬁ:rmnnn: al the |!r|ﬂ OO
purers. Remotely Navigated Vehicles
{BRNV"S ) may be even more important. An
RNV could be an unmanned ship or a tor-
pedo-like object or even an inserument car-
rier launched exclusively for purposes of
reconnaisance, RNV could dive under
the warer, swim on the surface, rise into the
air, or even “walk” both on water and land
at respectable speeds. The absence of o crew
would not only result in saving human lives
but ir may ako stop the rend towand ever-
more expensive and therefore ever fewer
fighting units,

Wi har | mencioned above are merely ex-
amples of applied science and advanced
rechnology. It is indeed impossible to at-
tempt a complere enumerarion of relevant
developments. But as an addirional exam-
ple one must refer o lasers, which indeed
have already been mentioned in connec-
tion with missile defense. Bur the MNavy
should not neglect the use of lasers under-
water. Even though the range in warer is
limited, the limit can be somewhat extend-
ed by increased intensity. Considering the
ever greater importance of submarines, the
|asers that may help in thetr detecrion can-
niot be disregardid.

Many vears ago, a captain by the name
of Hyman Rickover came to visit me in Los



Alamos. He introduced himself as s DOPE.
When | heard the introduction, | did not
realize that the word consisted exclusively
of capital letvers sipgnifying “"Doctor of Pile
Engineering.” Such doctorares were award-
ed wo studenes ar Oak Ridpe Mational Lab-
oracory, What was news in the lare 1940%
is history mow. Muclear reactors made true
submarines possible. | regres thar these sub-
marines { which 1, of course, supported from
the time | first mer Rickover) are mot yet
produced in a much greater vorkery. As just
ore example, one may mencion submnrine
oil tankers, which could carry 200,000 tons
of oil below the Arcric ke cap from Alasks
into the Pacific or into the Adantc. Such
submarines might compete with pipelines.
They might be more flexible than pipelines;
and what s most imporeant, they could be
used in thmes of war to mainain deliveries
of heavy and massive matertals 1o our forc-
es fighting overseas. In fact, in a truly seri-
ous conflict, submarines mighe be the only
ships to survive in the long run. The Masy,
which has given real help in the past to our
maritime fleet in order ro have ships avail-
able in time of war, may do well to partici-
pate in the development of these big sub-
RS,

The projece | have mentioned is just one
mspect of submarine warfare. Anocher pos-
sibly more imporane aspect B8 the whaole
science and rechnology of the delecrabilicy
of submarines, This area is perhaps a deep-
er secrel than any other branch of milicary
rechnology. In this case, too, secrecy has
worked to our disadvantage. Not only has
it tvpeded gerune scientific and rechnical
progmess, it may FHIJII J 1% 4] ll1mi:111 olf seci-
rity after security may in fact have been lost.

Apart from the areas of development
thar | have just mentioned, 1 would like oo
add a litthe more on the general subject of
oceanography. We should not consider the
wist expanse of our globe covered by warer
only as a means to get from one place m
ancither. We know that the battom of the
ocean abounds in valuable materials like il
and manganese nodules, to mention only
two examples. We have reason to believe
that the ocean holds part of the key to the
problem of how o feed 7 billion people by
the end of this century, Surely this cannot
be done by Stone Age methods of pure ex-

ploitation. The modern procedure of culti-
vation will certainly be needed.

Mone of this can be accomplished with.-
out international cooperation, and it will
not occur without some international con-
rroversy. All this means that the role of the
Bavy will in the future be immessurably
greater than it was in the past. The free-
dom of the seas wsed to mean only the free-
dom to come and go. In the future, freedom
of the seas will stand for guarding and de-
veloping the riches of the oceans, which,
indeed, are a grear common heritage of all
meankind.

What we have to do, we are barely be-
ginning to understand. | have mentoned
some technical means and some general
goals. Mone of this can be oruly accom-
plished without spending much money, and
none of it can be accomplished wichourt
spending it in an incelligent and selecrive
manner. 1The farther we look ino the fu-
rure, the mose obviows it will become char
without a thorough use of science and tech-
nology the Navy cannot accomplish its cre-
mendous mission. The Office of Maval
Besearch must now tum from contempla-
tion of three decades of illustrious accom-
plishment o the challenge of the future--

our survival as a nokon.
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Pt tsenty years of age, the will veigns; at thivty,
the it and at frbﬂ:;— the '-,',upﬁg.ﬂmawf.
Benjamin Franklin, Poor Richard's Almanac, 1758
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And The

Dr. Charles H. Townes
Linsersry of Californda, Bevkeley
Presended af ONE's $0th Annaversary

It is an honor and a grear pleasure for
me to participate in this occasion celebrat-
ing ONR, which has contributed so much
snd =0 effectively to the nation. It has also
been a great help o many of us here indi-
vidually, | want to talk abour the field of
quantum electronics — the field of masers,
lasers, atomic clocks, and a good fraction of
modern optics.  Ina way, this is just a vi-
enette of a particular area, but on the other
hand it will illustrate some of whar is in-
volved in the cultivation of research and of
technology, and the operatonal relarions
berween government, universities and in-
dustry.

During World War [l many scientists,
i luding parcicularly many of my physicist
friends, were much involved in dhe war ef-
fort. As a resulr, they learned a grear deal
abour elecoronics, radar, and microwaves
which they would not have otherwise
known. And as they returned o the uni-
versities, this background led 1o a great burst
of fundamental discoveries and develop-
ments, For example, there was nuclear
magnetic resonance, linear acceleravors, the
development of radio astronomy, paramag-
netic resomance, and microwave specrros-
copy. Many of these developments were
close 1o my own fleld of interest. [ became
interested in the possibilities of microwave
spectroscopy working on shorrwave rcdar | |
114 centimeters wavelengeh) during che lateer
part of the war. | was then ar Bell Telephone
Laboravories, and set up :|'|.i:|]:| trying so seg
what might be done to exploit these new
posibilities. The work went well. Initial-
Iy, microwuve SPECITORCOPY Wik sirong par-
ticularly in industry — RCA also had a
strong groap, so did Westinghouse and Gen-
eral Electric. Columbia University had been
working on megnetrons during the war so
they had equipment and were doing some-
thing in the field, although not quite as
much as these three industrial laboratories.

The new field was very rich scientifical -
by but pretry soon industry lost interest, |

wais it Bell Telephone Labomatories, which
was beautifully supportive of me, but not
interested in expanding the ficld. This made
artractive a proposal to move to Calumbia
Liniversity where there was good equipment
and many people interested in the field, In
any case, | had always enjoved universities
and decided to go there to Columbia’s Ra-
diation Laboratory which was supported by
the Joine Services Electronics program, of
which, of course, ONE was an important
L

The primary applied purpose of the Co-
lumbia Badiation Laboratory was mo devel-
op magnetrons, particulady o push mag-
netron design rowards the shorter wave-
length region. Burt the Joint Services had
the foresight to see thar o really expand
that field, one alss needed & brosd horizon,
S0 the Columbia laborarory had a charrer
e work broadly and extensively in high-
frequency research.

About rwo vears after my association
with Columbia, the Navy asked me if |
would chair a commines o examine the
posalbilivies of developing betver millime-
ter wave sources, | never knew who initiar-
ed the idea, but Moe Long was involved and
Paul Johnson was the contscr person. |
enjoved working with them in setring up
such a commirtee. | of course Included elec-
trical engineers-John Pierce of Bell Labora-
tories, Jerry Shepherd who was then at Min-
nesobn, and Marvin Chodoroa 41F5I:|.l‘|.ﬁn\d,
but abso people in surmamding field. We
realized that one must look mither broadly
at the field, and | permiaded John Strong, a
famos infrared experimentalist of thar er,
£ forin s as well as John Daunt who was in
cryogenics, and several others in fields
which might be pertinent. We were to re-
view the ONE program and think about
ways in which millimerer waves might be
generated better — oran all, because it was
very difficult in those days — and o visit
the places where there wis ongoing nesearch
and try to encournge development of the

field. We mer and had enjoyable and inter-
esting interactions with many researchers
in the field.

After about o vear, | was frankly a litde
discouraged. We had explored all sorts of
ideas, It became clear thar the concenira-
tion of energy required in order o produce
oecillations at very shom wavelengths and
the dimensional integrity one had to main-
tain in & device which could probably not
be much larger than the wavelength were
pushing the limits of pracricality. Just be-
fore one of our meetings, | got up early (o
which | was addicred because | had young
children), wandered out into Franklin Park
in Washingron, and sar down vo think whar
really were the possibilivies. Whar must re-
ally be done to exvend oscillarors subsean-
ially rowards shomer wavelengrhs? The
background of my thoughes included dhe
fact thar ar Bell Telephone Laboratories |
had argued and wrirten a memo thar mole-
cules and aroms mighe some day produce
circuit elements — thar they were in face
the natural circudr elements for the very
shore wavelength region.  Furthermore, L
L. Babi of Columbia already had suggested
aromns as possible frequency standards for
atomic clocks — essentially another "cir-
cuit element™ rype of we. 1 did not origi-
nally imagine good generation from atoms
ar molecules — in face | q'.vci,‘:iﬁl,:ul.h' sabd i
my memso that one could not gee very much
infensity from m.-::llnl,!l.r]l: beciuse the mten-
sity was limited by the second law of ther
modvnamics. MNevertheless, as [ sat on the
park bench strugpling with what we mast do,
1 decided that somehow one had oo find woys
of wsing wtoms and maolecules. Suddenly, it
pecurred 1o me how thar might be dome.
While it was nog overt, ['m sure my thoughts
must have been influenced by a fairly re-
cent paper from Harvard on inverted popu-
Intions and negative temperatures. In any
case, | recognized that, at beast in principle,
if we get rid of equilibrivm thermodyniam-
ics, we don't have o obey the second law,



Then one can achieve amplification and an
indefinite amount of power. Probably be-
cosse [ was in a laboratory where molecular
beams were being done and | knew all the
parameters invelved, 1 quickly worked out
what might be done by beam-type separ-
ation of states and found that, yes, it was
practical, One could perhaps doit. And |
hacl g call anceher idea 1 had recently beard
about-~gquadruple focusing of beams ro
achieve very high intensities, which had
recently been demonstrated by Professor
Pal of Bomin, Germmany, Tt didl mor seem an
eiisy experiment to prodece amplification
and 1u.|:i.1]nr||1r|. with nullnl:l:lll-l,-_t. ard we did
ot st om it |.||1|.1l Fnur o five 1'|1.|.:u1l!u |-
er. | told many people about it, and they
said, “Lim-um, yes, nteresting,” bur nobody
was very excited about it, perhaps becmse
the ameant of power | propesed o pet was
very small, but | believe mare likely becmse
few people were oriented towards recog-
nizing its potentialivies. | had originally
woirked our @ system for the far infrared be-
cause | had wanred to push down o very
shor wavelengths in order o do spectros-
copy. That was my drive. The Mavy was
interested in millimeter wave generation.
But 1 decided it best to retreat to the cenri-
meter region because there we had tech-
nigues which made the work easier and |
could ory out the idea there, Jim Gordon
was brave enough tounderrake it asa Ph.IY
thesis. In addirion, | enlisted Herb Zeiger,
a postdocroral man from Rabi's group who
was familiar with molecular beams, tw help
us out. After three vears, the normal gesta-
tion time for & student thesis, sure enough
Jim Gordon had buile a maser that worked.
It created appreciable inrerest but its po-
rential was siill poorly understood. One of
my good sclentific friends sid, "®ell, | am
glad thar vou ot that going: now you can
pet back o some of the spectroscopy you
were doing, which (s really important!” But
I was excited about the possibilicies |
thameght [ siow.

I have given this history i some detail
tov indicare the importance of the network
aof scientists — seientists with different hish-
its of mind, different intereses, different
kinds of backgroamds and available resourc-
e Dhur scientific community is a network,
and interactions in this network are impor-

tant for rapid innovation. Secondly, it
should be clear that the whole field came
ot of microwave spectroscopy. | hat con-
clusion is reinforced by recognizing that
somewhat stmilar ideas arcse, wich differ-
ent degrees of completeness and onentarion,
in two other places independently, One wis
the University of Maryland where Joe We-
ber, another microwave spectroscopist, pro-
posed stimulared emision as an amplifying
mechanism in ammonia gas, but without a
resorator or feedback. This proposal had
some technical problems but nevertheless
recognized the possibility of coherent am-
'|'||.|ﬁ|::!:i|.m. Another wis in Memcow 'l'|'|.:|.1=
Prokhorov and Basov were EHEEFE' 1131
microwive spectroscopy.  Thus, there were
three independent starts in the field, all
coming out of microwave spectroscopy.
Clearly that was the crivical field. Note also
that it was a field of no clear interess o in-
dhustry and more or less abandoned by in-
dhustry for that reason, but sponsored in uni-
versities because it was producing physics.
Yer it was a field of "pure™ ience which
generated the maser and almost all ies ini-
rial contriburiomns.

Mow | want to mention another person:
al aszociation with the Mavy, In 1956, when
I came back from Europe and Japan after
miy sabharical leave, the Bell Laboratories
had made the first parmmagnetic three--fevel
system really go, based on Bloembergen's
idea. | was eager 1o produce some good
amplifiers to do some radio sstronomy. NRL
had an excellent program in radio astrono-
my built up by John Hagen. Cornell Mayer
was head of i at that time. So [ went o see
Comell Maver, asking could we collaborare
and wse his telescope on top of the MEL
building; he was glad o accepr. Ar Colum-
bita, we then buile a paramagnetic amplifier.
| chiink the first maser amplifier 1o do useful
work was the one we put in place on the
MEL antenna. With ir, we immediarely goo
an improvement in the signal wo solse over
what had been previously available by a fac-
torr of abour 15, We reconfirmed Cornel|
Muayers mensmrement that Verus was, m
fact, very hot, along with other sseronomi-
cal messurements.

Muser amplifiers abso stimulated much
other work. "Walrer Higa, in talking with
me about the improvement in sensitivity,

asked if a paramernic amplifier might not in
principle be very noise free since it, like the
maser, was free of electron charge noise.

That hadn't occurred o me bur after a Lie-
tle thoughe [ agreed; paramagnetic amgplifi-
ers would also be low nodse. Suddenly, peo-
ple began ro get interested in parametric
amplifiers. By now, they have replaced
masers except for the very most sensitive
amplifiers, This is another sample of the
complex partern of interaction within the
sclentific communiry, in both pure and ap-
plied work.

Mirwe, what abour lasers! The baser ks, of
course, the same idea pushed ro shorter
wavelengths. However, it has characters-
tics which are diﬂ':f:nl: :ru:lq];l'l I!Iul iE 1%
almost a separate field. | had originally
wanted to get into the short wavelength
mange and initially planned for a system in
the far infrared. The microwave region wis,
in essence, a temporary diversion though a
vahmble one. | kept thinking about even-
tually pushing into the submillimeter range
and then to as short 8 wavelength as one
could go. But | was busy with the maser
and waiting for the right idea to mam up.
It's important historically to indicate to you
the lack of orientation within even the
mipser community towards this field of short
wavelengths. There wos almaost no one
thinking of moving into the optical or short
infrared region. | know of no written mate-
rial cn this unitil the summer of 1957, when
there was an Air Force study on what the
Air Force might be doing in the next 25
years. | was on that committee, and we put
into the committee report that the Air
Force should envisage work to short wave-
length at Least as far as the mid-infrared with
maser-like rechniques. Bur | had not yer
had & near idea of how w do . So by the
fall of 1957, again cut of frustration char ic
had not come along, the same sense of frus-
rration | had before the maser idea came
abong, | sald to myself, "1 seill don't see how
o dor this well. 1 can cerrainly ger down o
the far infrared but how can we go much
shoster? | better mke some time now aod
really think sertously abour ™ It was thus
in reviewing the possibilivies in my mind
and on paper that 1 suddenly realized i i
just @ sy 0o go ineo the optical reglon as
into the Far infrared, because the equations



shiow that the number of excited molecules
or atoms required is essentially the same.
The resonaror, while sill rather amorphous
in style, seemed about equally lossy in borh
regions. The problem was then a resonator
of appropriate style which could isolate the
different modes. | had some partial ideas of
a caviry with hig holes in it, to eliminare
some modes, but the more complete answer
ta this probably came a little later.

[ was at the time consulring at Bell Tele-
phone Laboratories, and discussed the wihole
propasition with Art Schawlow, who had
worked closely with me at Columbia and
with whom of course | had casy conversa-
tions  Art said he was quite interested in
the problem also, and we agreed ro pool our
efforts. Rarher soom he proposed the idea
of using simply two parallel mirmors as a cav-
ity, That would eliminate more than my
holes in the cavities would do. We worked
on this approach and could easily show that,
im facr, one could isolare a single mode in
that type of caviey. This eventually result-
ed in our paper, discussing the striking prop-
erties of such a system and o few particular
systems where all the parameters were
known well enough thar we could show
theoretically thar they really had 1o work.
Alkali aroms were a good marerial in this
respect, because these properties were well
enough known to allow a rather certain cal-
cularion of paramerers and a convincing
conclusion thar they could work. Other
systems we suggested such as erysralline
materials looked promising but these prop-
erties were less well known,

Shortly after our paper appeared, on what
we then called an optical maser because we
thought logically one should talk about a
whole series such as microwave, IR, optical
or OV msers, | was approsched by Irving
Rowe friwn the Mew York office of O3NER
who asked me if | would organize a confer-
ence in this field. The theoretical paper on
aptical masers or lasers had been published,
andd work on masers wis growing like mad.
The maser field wis popular enough thar
thee Physical Review had printed an edivorial
statement that it would not publish any
mowe papers on masers because they were
gerting flooded by them. That was only a
stop gap measure, because pretoy soon ls-
sers came along and they were flooded

I8

again! Bur dhe next significant step was thar
OMR recognized it was time to really have
an assessmient of the field, and o per every-
oy together to stimulate its most efficient
growth, | sccepred Irving Rowe's invica-
tiom to organize a conference, with expens-
e and sponsorship courtesy of ONR,

Let us look back again mow, and ask
whether an industrial research adminisora-
tor of the early 1950 would have decided
o promaote this field, Even the best of in-
dustry’s research directors would nor like-
Iy foresee, and clearly didn't foresee the fu-
ture of this field, [t was impossible 1o do
s, Very frequently decisions in industry
go against supporting long — range re-
search, becawse of the grear diffieuley in
predicting its outcome. However, as long
as such research s supported elsewhere in
the nation | think we are all rnghr.  Bur
there must also be a healthy and serong
interaction back and forth between pure
and applied laboratories. For the field of
quantum electronics, industry was ready o
move when the field began to develop, and
since that time has done o very outstand-
ing job. So far as the Mavy is concerned,
how did the Mavy know to support such
work! The Navy didn't know the specifics
but had the wisdom to ENCOURRHE an ac-
tive field where there were good people
l.l-'ﬂtl‘.:ll'lg and where new ideas were com-
ing along, realizing that at some point im-
portant contacts with applications were
|1h:|'r. The Navy could not possibly have
prediced that this might help them in
communication with submarines, or new
kinds of gyros, or reliable fiber oprics com-
munications, or guidance and mnging, or
in data handling. A field like microwave
spectroscopy, that is the interaction be-
tween microwave ond molecules, musc
seem like an improbable choice for devel -
oping a new gyro. [ndusory faces the same
prohlem. In the civilian field, lasers have
had an emormous IMPact mow on Commi-
nications, information recording, mareri-
als processing, cutting, welding, hardening
surfaces, on surveying, on surgery. 1 here
are few fields thar this development has nios
touched. Thar is oo be expected for it is a
combinamion of optics and elecrronics--two
important fickds. Boch are very widespread
and such a combination is likely to touch

almost any field of science or applied sci-
ence, Bur it was difficult to foresee in the
beginning.

Looking back on all of chis, thar is, the
idea of the laser or the maser, can make them
seem remarkably simple. That’s one of the
characteristics and beauries of science; once
you understand something, ir s often really
simple, and we can go on from there oo fur-
ther progress,
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RADM Marc Pelaesz
Chief of Naval Ressarch

Dr. Fred Saalfeld
Deputy Chiel of Naval Research and
Technrcal Director, ONA

Ir-..'r-:-:l-:m;_- world instability and uncertaingy regqudres the Depare-
ment of the Mavy to prepiere for the Nr.ﬂ.':l.'uf!rr et with musimm
1-||'~;i|:'|'!|r'.. ard .":|.|1.||'|||I'.. Whithin the bowndarses of Hecal realiies
and constrained resources, we mast focis our wisions to achieve an
ungquestionable technologicn] edge enabling the Sailos and Masines
of the future to win anywhere, anytime. Technaological superiarity
can only prevail through a far-sighted and inmovative stratepy such
as 15 outlined in the artached Whire Paper, “The Mawy after MNext:
A Technaology Vision of the Futwre."

Some may say that it is difficult to be far-sighted and innovative
when a -p._x'-.r]..; threst is not known. Only by making the right sem
tepic science and technology choices now, abost which new capa-
I“';Illll_'l-.|r|_' Ii.iil;ll.' r.'-:*ru_-'l.'.ail T-q."_"-'"'l,_”:‘“- -r-'f r|'||.' ||'Ln=.1r. Wl ” Wi I"l."' .-II"Il.' Ed3
dominate AnYy |'h.|'rr:.|_-~.p.u' ¢ of the future

Ifl..--.-u_-lnp;ng new techmologies and incorporating them in naval
sysrems 15 typically an evolutionary, rather than revolutionarg, pro-
cess, Historically, we held the balance of power because we had big-
ger and better WESPONS, and we had more of them. Today, we are no
|.|||;_=|_-Ir r|'|_-|_- % ||-; |_-1-:'|'-|| bILE ] ..r'r.;;l-.n. il . Oiff-the- -:':'u'|r'r-.'n"|'|n-.'-|-.'-j_'|-'.':t|
innovations become rapidly available to any and every country ca-
pakle of paying for them. L5, military supersority in the future will
._‘||.-;u_'-n._| niot s much on out-gunning our enemies, as much bs ot
smmarting them. The victor of information technolosy hattles will
likely be the wictor in wars of the fsture. Accordingly, a clear center
of gravity for our vision of the Navy after Next i advanced and
innovative surveillance capabilities. Advanced information tech-
nodogies coupled with new precision strike capabalities will be the
hearr of the warrior's edge in thie Mavy after Mext

This document, cargered at the Navy and Marine Corps of 2020,
Wila JI."I-'L'II\.T\."J tor Lok st eosmoerow's techinological r'\-lhll"'lITIQ‘: based
iy the realities of voday. Ie iz noe all inchisive, bur racher a skeleton on
which to butld, We .JIII.I.-[ kemiow with CEMAINy Ihhl-.'l.'l :-:n:hn--lnuin:ﬂ
will imature or which will proOve Do b vt Imporramne, biir we can see
serethcant trends. Some [L'\.I:I.III\.'\III"'HIl'h afé an a ~t-.-m|-.- 1r:u:L '|I'|-J' '.'|.'|||
likely be available sooner than 2020 Others mav not be available
until the 2000 Nothing in this document defies the laws of phiys-
ics, however, achieving the capabilicies we desire will require &Ci-
ence and technology to push bevond the boundaries of our current
unidenseanding.

This is o e of great change for the Department of the Mavy
and our nation. Bur along with this change comes oppormunicy, Now
is the time for s (o be open minded and think ourside the bound-
aries of all things conventional. This i our oppormunity to put a
stauke in the ground o define the MNovy after Mext and set cur wision

of the future.



THE NAVY AFTER NEXT

A TECHNOLOGY VISION OF THE FUTURE

Overview

The Mavy After Next will pur to sea in
abour 2020 and will exploit emerging
knowledge and materials now within sighs
of the technology horizon. The lead time
from concept to deployment—even with
compressed integrated design and manufac-
muse—will require specific investments dur-
ing the six-year plan of PR-97. Although
operational goals and enduring naval mis-
sioms will recain their form, the Mavy Afrer
Mext will be barely recognizable in form and
greatly enhanced in capability

The Enduring

Naval Mission

The Mavy and Marine Corps mission will
continue to be preparation of the bat-
t]ﬂrlilr.‘! toe lLIiI.A."'-'l' =il !:Lnd-l?cﬂ_'-td Army i|'|'ll.:|
Avir Foree setlons and assured delivery of
quantities of mareriel and resources that can
only move by sea. Because of this Firs-one
The ScenefFight-Our-Way-In and the
clhimely related "Joint Presence” on the
Edpe ol -War role, the Nowy After Next may
have to operate initially without joint or
allied weapons or surveillance supporr, Ine
formation will be gathered and moved by
space systems of by Organic auronomos
vehicles operating throughour the sea-air
land battlespace. Absolure dominance in
information warfare will be essential in
achieving the operational missions of the
Navy After Wext. I our deterrent pres-
ence fails, weapons will be delivered pre-
cisely froan the sea o megens hundreds of
miles inland and dhrears from manned or
FULOCCIMOAS ENemy Syitems will be newtral -
ized. Beyond the progress needed ro simply
match the mowth in the threats available
oo any :;Id:'.‘fm‘lrlf with the w:“ arud Iy,
l;hr N.m.:‘ .r\fl::r Mext will have o meet
h:ighl:rngd expectations fof MIMImUms 1
cost of ﬂl.,'1:|I.|i.‘II|‘1III.'I. and aperabio, casualries
and collateral damage.

Expanded Capabilities will
be Derived from New

Science and Technology
This visiom for the Newy after Next is a
snapshat into the future taken from a cam-

era admed and focused in 1995, What i
portrayed, s a Mavy with significantly ex-
panded capabilities in four critical opera-
tional domains:  command, contrel, and
surveillance; batdespace dominance; pow-
er projection; and force sustaimment. This
whire paper provides roday'’s vision of new
or expanded capabilities in each of these
domains and selected cross-cutting capahbil -
ities thar will impace all four of these oper-
ational domains

Achieving the vision for the Navy after
Next requitres the solurion of many difficult
sience and rechnology (S&T) problems.
Progress i S& T rypically proceeds linearly
and orderly given sustalning investment.
While most of the visionary projections for
naval capabilicies im 2020 described in chis
paper asume this linear advancement in
S&T, o number of “srenches” requiring
important S&T breakrhroughs are also in-
terspersed,

Three critical bortleneck areas are like-
Iy to govern the ability vo achieve our vi-
sion for the Newvy after Next — software
development, microelectronics, and novel
materials. Accelersted progress in cach of
these arems is esential since each is rave lim-
iting on progress across all other arcas. Bev-
clutionary innovation will grow out of Mavy
S&T in partnership with the Advanced
Research Projects Agency and the other
Services, whille |:l.'v|1|u||.-||I'|.;.'|r'g.'r dual-use de-
velopments will be driven by indusery's eco-
momic imberests.

%ﬂrz is the “Achills heel® of the
indormmtion revoluion l.|:n|.‘|L".|'j.'|I:I!|I'lII!'h.: fusruire
Maval w.arﬁp;h[ing ::H.]'\-:.:lhllh b @il SFSLEmAE.
As q:nmpurrn hecome mare COrCE, mdore
powerful, more affardable, and ublguidnous,
they become candidates to perform ever
Miare cnmple:{ anid impressive ks, reguir-
ing ever more complex and valumirous soft-
ware. Advanced automatic capabilities in-
volving auronomons vehicles, intelligent
decision aids, synrhetic environmendts, and
all-source multi-media data fusion represen:
only a small sampling of the sftware-inten-
sive systems that can plausibly revolution-
ize naval warfighting and crisia response.

However, the technology to produce, main-
tain, and upgrade complex sofoware systems
remains primichve, Software-induced fil-
ures in complex milivary and commercial
systerns are all too frequent. As the Mavy
comes o depend more on sutomated sys-
terms to accomplish its missions, it will be-
come less and less able o tolerate software
fifures. Research to date has not unearthed
any silver bullers for the software crisis.
Dimmatic advances In suromarion of furure
Maval systems and capabilivies depend upon
achieving substanrial new insights into the
process of desigming and developing com-
rl]::n. sorlware ssleEins,

The Cifice of Maval Research (OMR)
visiomn for the Nawy after Next does not vi-
olute any fundamental laws of naoare. 1t
doses extrapolate from what we know today
and wht we believe we will know tomaor-
row. Knowledge must be nurmured and sus-
tairned. Advances will mot occur merely as
a function of time. OMNR is eager to build
upon its rich half century history of cara-
Iyzing. nurturing and promoring the high-
est quality S& T for the benefit of the Navy
after Mext.

Adeanced electronics is another under-
Iving enabling technology eritical w dhe
warfighting capability of the Nawy after
Mext. Future naval systems will be com-
pletely dependent on advanced electromics
o nccnm]'llish their mission. In the |ast
three decades there has been explosive
growth in electronics, doubling its density
:and prrl"-._'rrm:l.ni:c EVETY three vears at re-
duced costs. With continued S&T suppornt
these advances are envisioned to continiie
unabated for the foreseeable hrture. Seves-
al areas of research, such as super-high den-
sity memories, nandscale electronics, sin-
gle electron rransistors, and spin transistors
will resulr in four oo five orders of magni-
rude increase in device and memory densi-
thes. These super dense electronic chips will
enable the highly compact stormge of mas-
sive amounts of data (global termin mips,
carger daras bases, et ) albowing imformation
processors and digital computers o un
lighting speed. Multispectral, infrumed—to



microwave—sensors will enable the opera-
tion of survelllance systems o detect tar-
pets and missile seekers ro home-in on ar-
gets during dayfnight and all wearher oper-
ations. 'Wide bandgap semiconductors will
enable multifunceional radar systems w op-
erate in different bands with jisc one sys-
pern, thas reducing size and welghr, Evolu-
vionary and revoluncionaly advances in
electronics (s the erlricnl enabling rechnol-
oy for significantly enhanced Novy wart-
ighting capabilicy.

Advanced munterials development will
enable & host of new design optlons and
capahilities for naval platiorms which will
be affordable, FI.II!IiI!]]' mnardactured and
maintainable. Thick conmposiies combined
with advanced joining techniques will pes-
mit mdical mew platform r]:hig'ns. Compos-
ites embedded with sensom and actuators
will bridge the information procesing and
mechanical fields making structures more
comtrollable and servivable. These smare
materinls will also enable new comrinuous
control surfaces for responsive vehicles.
Metal mnd cermmic ETHFIES with coanposite
bearings will cperate ot higher-temperatures
and give more power per weight. Advanced
high strength, high toughness steels will
halve the weight of conventional steel strsc-
tures. Cormosion resistant materials like ti-
tamium alloys and composites will lead o
dependable piping with long life. Polymer
coatings for vehicles will reduce drag and
resist fouling. Perhaps the most striking
advances in materials will come in manu-
facouring, Advanced algorichms and high
speed paralle] processors will model the ac-
tal near-aromic scale processes in sheet
metal and will enable fexible manufacour-
ing with virtually no weste products, sav-
ing billicns anmually, Parrs, made from poly-
mers and new hybrid marerials, will be
stored in “elecoronic warchouse:™ as com-
puter algorithms,, When replacement parts
are needed at sea the "electronic part™ spec-
iftcarion will be downloaded by sarellive and
made aboard ship under laser control, This
gavings in inventory and small job manu-
facturing costs will be extraordinary

The Office of Naval Research (ONR)
viskon for the Nowy after Next does not vi-
olate any fundamental laws of nature, e
does exrrapolare from whar we know today

and whar we believe we will know tomor-
row. Knowledge must be nurtured and sus-
mined. Advances will not occur merely as
i function of time. ONR is eaper to baild
upon s rich half century history of cara-
Iyzing, murturing and promoting the high-
st quality 3&T for the benefic of the Navy
after Mext.

Cm, Control,
and Surveillance
(Information Warfare)
Assured information dominance is a
prevequisite for conflice resolsition in the
Naovy After Next. Achieving this futwre
copability is essential, Mew sensor capa-
hilities coupled with new delivery systems
amned g variety of aastomomons pletforms will
provide a rich database for intelligent sen-
sor fusing, information processing, and ad-
vanced mtelligent dizplays, The swarrior's
window en the battlespace will be pan-
oramic, multidimensional, complete, and
user friendly.
®» High performance visual displays will
provide virtual windows for teleoper-
ation and easy/rapid assimilation of
large amounts of information. Large
screen o individual oprical projections
will ermble assimilagion of large volumes
af repositioned and real-time informa-
tion to human OO F LTS, [I.'l.t-:']]lu:lent tn-
terfaces will respond to hand or eve
movrements or fo spoken reguests toal-
low the user o specify the specific n-
formation desired at any moment while
providing “artificial intellipence” nssis-
tanice to direct the user's attention oo
threats ar to evaluate alternative re-
B ses. Full-colar {or ]'|1|r_|'l=n.'c|||::-r:|,
flicker-free, high resolution solid-state
vlumetric displays will immerse oper-
ators in 3-D) ractical scenes which sym-
thesize space-based, AUV, and surface-
based sensor data into a comman visu-
alization. Ordinary visual *ports” would
be unnecessary and less useful than one
that presenits an all-weather, day/night
picture complere with signals and tar-
pet identificarion. Teleoperation and
compaster aided monitoring will reduce
Crew size requirements to one-tenth
current levels,

* Baitlefield surveillance will be provid-
ed by ship launched platforms. These
small platforms will cirry miniarurised
versions of the same advanced sensor
that comventional satellites carry — -
dars, altimeters, scatterometers, commu-
nications, weapons control, and hyper-
spectral imagers — for all-weather intel-
lipence gathering. This capability will
provide the key in nccelerating the pace
of the comiflict to our advantage.

# Information will flow through a seam-
less land/seafspace network with warf-
ighting survivability. Proliferned, cross-
linked mid-alritude satellites using mobist
waveforms with embedded navigation
informarion will be linked to land-hased
and undersea nodes to complete 8 seam-
less Global Information Weh, Ad hoo
links, message formars and dara elements
will be subsumed in o weambess adoptive
srructure allocaring capacicy to suit the
commanders” instantaneous need and
auromarically route rraffic sround dam-
aged nodes or jammed links,  Awtono-
mous flyers or amphibians will be wvail-
able 1o sugment capacity in high demand
locarions and times and o couple un-
dersea elements to the *Web”, High-
power blue-green lasers operated wich
nonlinesr control o ensure stability will
make all cossral waters locally ranspar-
ent. [ara rransfer requirements will be
carefully marched vo survivabilicy re-
quirements of the mission and all saric
data will be repositloned for on-board
integrution with real-time updares.

* Autonomous air vehicles will provide
local surveillance and argeting infor-
matson to support maneuver and attack.
Sensars and communications elements
that wppesr 0 space systems (of maxi-
o day-toedy plobal cost-effectiveness
will be complemented by compatible sys-
tems on UAVS. Advances in microelec-
tromics will emnhle a miniature arrerude
to contmin surveillance electronics (in-
clading IR sensors, processing electron-
ics, amd transmitters).  Power require-
ments will be met by 2 combination of
gadvanced solar cells, microwave conver-
sion capabilities, andfor advanced fuel
cells. Solar cells will supply all power
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necessary o fly the miniature gircraft
during the day. At night microwave en-
ergy would be beamed up to the aircrsft
und be converved o supply power for the
motor and imaging electronics and trans-
mbssbon of the dara back o the ship Such
as roving autonomous aircraft could fly
combinusosusly, day and nighs, for ship area
survelllance or battlefield surveillance.

Multi-Speciral BioSensor Areays will
provide real-time, continuous, multi-
spectral, wide or selected arca moni-
toring and assessment of biological or
chemical agents in air and/or water en-
vironments critical for bartle space as-
sessment of routine operations. These
msesaments will be auromated and con-
ducted ar remote locations for pro-
longed pericds. Miniamsre, robust, ad-
dressable and expendable sensor arrays
based on molecular biological principles
will be capable of real-time derecrion
of a broad range of biologies and chem-
ical species. Sensors will assess biof
chemical signarures from plarforms, de-
tect CBW agents, monivor biological
anid chemical features of the water col-
umn o atmosphere, and provide on-
line, resl-time monitorng of ship-board
syslems {rual:ll.r:'u, Weap-Dne syEIems,
conalings syatermns, ete. ), Sensor arrays will
be addressable through fiber apric light
emission of electro-optical coupling,
reguirte minimum power, dep|u'||'ab|f:
unattended for periods in excess of
months and provide multiple dara
streams which can be addressed using
neural nets and pattem recognition sys-
tems. These system will be used wo de-
tect chemical and biological featupes of
the hattle space for prediction purps-
s, used in clandestine operation on-
hoard ROWs, ALNWSE or robats, and pro-
vide real-time information on system
performance oo opetators.  These sys-
rems will be tunable, expendable, inex-
pensive, modular and adaptable to a
wide range of uses and environments.
For example small, portable and ex-
pendable CEW detectors that operate
in high BEFEMI fields cither in air or
warer will provide rapid, real-time ear-
ly detection of CBW agents that can
ensure chemical and biological warfare

sirvivability for borh combar personnel
a.'r||.| civilians.

o Distriboted underwater seoustie net-
working will couple sensors of multi-
ple varieties (acoustic, optical, weapon-
rv, UUVSE, ete. ). Nerworks will be de-
ployed tn any underwater region of in-
terest and commurnicare via acoustic
modems, The value of each individiual
sensar will be enhanced by the knowl-
eidge of is neighbor. The nevwork will
be “self-healing™ so thar loss of one node
will not cripple the nerwork; other nodes
will mssume the moles of the bost sensor.
Information gathered by the network is
relaved to o central control center and
incompormted inadaa wsstmnblapive mod-
el. Armed or unarmed networks may be
drplr@'nd. Hn"".l-']"ﬂﬂ't!., and If;.d'nud.,nh.' in
BUCDNEITHILS Wespon whien MECESSAry.
The network breaks eraditional con-
srrmines of T{mpﬂnl VETEUS :.]'.l:.:l!iul. A
pling as the combinsition af LLUVS and
minored sensors will be able go l;ll'nj'.!lt il
high resslution in both spaice and time.
The network relays all formation fiied-
e by the warfighter: bathymetry, scous-
tic conditions, currents, target locations,
biological data, etc.

Battlespace Dominance
Battlespace dominance m the Navy
After Next will mcorporate new technolo-

these platforms awill be improved threot

sarning, self-defense systems, and physi-

ceil sanesverability.

o LUinmanned high performance air vehi-
cles will ensure airspace dominance.
The sdvantages of an unmanned air ve-
hicle as a weapons delivery system are
numerous. By taking the man owt of the
svaten, significant welght savings will be
redlized through the elimination of life
support svstems resulting in increased
payload, range, loitering time, speed and
agriliey (with the lamer providing en-
haneed survivability against enemy air
defenses). Further weight savings will be
pchieved by utilizing advanced compos-

ite structures. Agility will be enhanced
via thrust vectoring. The escalating prob-
lem of pilot workload will be eliminat-
ed. Full automation andfor functional
transfer to a shipbowrd control center will
couple directly air, land and sea bar-
tlespaces. Guided by a combination of
GPS, intertial navigation system and a
shared satellite-bused communicarion
system, these vehicles will provade a new
capahility im force projection.

Emploving the same technologies as in
the surveillance systems, advanced
threat warning systems will increase
carly warning/threat reaction time in all
weather environments against all
threats, Improved sensors, integrated
with real time decision aids will increass
the ability of all plarforms o effectively
neurralize an enemy artack. Key among
these advanced sensors will be the capa-
bility 1o reliably identify enemy targets
bevond their firing range. This will al-
low employment of our weapons at max-
irmiien firing range and reduce close-in
combar mansuvering.

Improved decision aids integrated with
advanced self defense weapons will per-
mit operators (o react optimally to the
threat presented, Onee launched, these
weapons, incorporating conformal an-
tennas with digital dara links, will be
updared by offboard compurer-assisred
fire control systems capable of maincain-
ing lock on a warger irrespective of the
lawnch platform’s amtitude. These "un-
ghakable" weapons will have a greatly
|r|.:|.':.'u-=|.| l:lJ!;llIl!,'.

Advanced distributed fire control with
elevated sensorafilluminators will pro-
vide over the horizon targeting capa-
bility. Whether in area cruise missile
defense or theater ballistic missile de-
fense this cagabiliny will allow furuse
ships to effectively protect the entine
battlespace with minimum assers,

Combat agility, particularly with regard
to aircraft, will be greatly enhanced.
Whether by vortex control or “warping”™
skin, future aircraft will have unmatched
agiliry supremacy. Given the need to en-
gage in close-in combat, the performance
edge will be with our aircrsft.



* Fully autonomous vehicles will revo-
lutionize mine countermeasures and
amphibious operations, Autonomoss
and remote-guided, robotic platforms
and undervater sutonomous vehicles
will sssume major burdens in war fight-
img. Among the new vehicles will be
compact robots for underwater and am-
phibious operations, Cperating in
groups, these small autonomous plat-
forms would find and neurralize mines
{by carrying a charge), perform survel-
lance om thie beach with optical imaging
senaoes, and indicate targets with lasers.
These vehicles will have robust, dynam-
ically stable lscomorion on broken ter-
rain and rapid responses to current shifts
by applying principles of biomechanics
Sophisticated semsor and dextrous ma-
nipulation capabilities will enable these
vehicles to perform maintenance in pipes
and tanks and survey toxic laden terrain.
Stealthy underwarer vehicles, perhaps
with efficient fish-like propulsion, will
combine different movemenr systems for
operation in the most turbulent condi-
tions, Appendage: on such LIS will
give mew retrieval and mine counter
measure: capabilivies. For example, oc-
topis-like unjointed limbs will wrap
around their margets and be able to re-
trieve objects in the warer withour dam-
age. Advanced machine vision, bioso-
nar, acouskic, elecrromagnetic, magmnet-
ic, and racrile sensors will be cowpled
with primicive huncing and avoidance
behaviors to give these vehicles extraor-
dinary abilities o navigste autonomoissty
and dentify many of the man-made ob-
jecrs they encounter. Mew biomimetic
based sensors will provide locarion, dis-
crimmirant o and elassitcateon o |.||:'|p-|-.'l.ls-..
such as mines buried in the mud o sand.

Power Projection

Power projection in the Noiy After
Next will encorjorote new technologies in
platform design and momufacture and
weapon lethality. New platform designs
will muke future ships and arcraft more
cffective, suwrvivable and mueintainable.
them more affordable. Weapon lethalicy
will be fmyproved across o browd spectrum

ningfreplanning to cheaper, smuller, more

accurate guidonce and control and more

energetic warheads.

* Affordable reduced-manpower surface
platforms will incorporate new materi-
als; smart structures, optical fiber sys-
tems, conditioned based maintenance,
autonomous systems and embedded
training. These technologies will reduce
manning, production and life cycle costs.
l|a|,-|:'|.|.1i'|'i.r|:|'|:|.'||'|r, advamices n'l:mi'.l.'l:l.u'mg_
I'l,-i,-]'|:'|||1||::g"FI such m:g‘ile n'l.nr:lrl'::'ruﬁng
|.||1'||:| nutomated joining w1|| eruhle the
cost-effective production of ships with
madular components so o bamic I.{ﬂ:i“ﬂ
can be modified for different missions by
pdding or replacing modules for weap-
ons, LAV and sensor suires.

® Stealthy, submersible or semisubmers-
ible platforms will minimize missile
vulnerability. New platforms, made of
low signature material with a maulti-fac-
cted/fraceal design, will provide high
speed efficient rransit, These plarforms
will be semisubmersible or submersible
for self protecrion and have versatile flat
arcas for vertical launchers, LAV and
sl craft operations.  1ts mission will
imclude: fire support, preparing the coast
for invasion, surveillance, and expedi-
thonary warfare, It will also have the
abilicy to deliver small submersibles
(LILIV s} for mine countermeasures, re-
conmissance, and other mision support.

# Future weapons will incorporate new
materials, smart structures, autono-
mous controls, and status monitoring
fior increased shelf life, Affordable man-
ufacruring of marerials incorporating
embedded sensors, will enable furure
weapons o be “smarver”, cheaper, and
more stestlehy, Dstrbuted missbon plan-
ruineg ansd in-flight control will allow these
weapons to be emploved more quickly
and with the abiliey o support longer
range autonomous weapons in s CAP-
like role. Advances in sman submans-
tions will allow che talloring of warkead
packages o specific mrgets. Such sub-
mauiitions will be able o discriminae
pmong the various discrete frequencies
psaociated with a complex mechanized

crder of battle withouwt the need for hu-
T

* Gun technology will undergo revolu-
tionary advancements, Gun projecriles
will e assisred flight from propulsors
and mam jet or solid rocker, o exrend
ranges bevond 100 noutical miles. The
cdditton of low cost Inertinl Mavigational
Systemy/Global Posidioning System tvpe
puidance and aerodynamic conerols will
incrense accuracy to thar of a guided
missile but ot a fraction of the cost,

* Strike missile technology with pinpoint
weeuracy will derive from advancements
in aim point selection. Precision aim-
point targering will virnelly eliminoe
collateral damage. This pinpoint accu-
racy will increase the functional kill ca-
pability of mvissiles withour having 1o
incrense warhead size.

s Lnmanned tactical air launch platforms
will extend the strike distance con-
trolled from ships. DHstriboted com-
mn.rn.:l .md |:r|1r|1'r|1l nfﬂ-r-]wl:w systems om
CAP-like ]'l..'ltm! will allow unmanned
rRsport whlcln tov bonter m I:.:l:rn:.ltlg,'
appropriate areas with a paylood of serike
missiles and bombs ready for launch on
command from a contnd ship. Thas will
effectively extend the mnge and reduce
the time-to tmrget of the strike missiles
without having o incresse the sie or
speed of missiles. This capability will also
pllow lwunching strike from foward o
s without endangering crews.

Force Sustainment

Affordably sustaining the Navy after
MNext enwisions innovative advances in non-
petvolessm energy sources, low-mainte-
marnce surfoce coatings coupled with en-
tively novel approaches to mainienance.
Resulting decreased costs and increased
readiness combine fo make this a kev fo-
cis for the Nowy after Nea.

* Alrernative energy non-petroleum
based fuel sowrces will be key in future
platforms. Henewable high energy sourc-
s will wield fuwel stocks for combustion/
jetfrocker engines. They will reduce the
meed for strategic perroleum-based feed
stocks and provide environmentally be-
nbgn processes for producrion, process-
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img and use. Compact high density fuel
cells, based on immobilized ensymatic
redox capabiliries, will vield long-lived
low-pewer energy sources for sensorjde-
tector packages, a wide variety of elec-
tro-optical devices for ROV and other
remote systems requiring bow power for
sustained periods of time {weeks o
maonths), These fuel cells will be inex-
pensive, expendable, thermal/pressure
stable and durable for deployment un-
der adverse conditions for extended pe-
ricls of time .

Integral signature management and
fouling controd in composite construc-
tion will produce low-maintenance, low
signature platforms application. Auto-
mared layv-up of composite structures
with pont-of-application mixing will
allonw build-up of signamre controd lay-
ers and application of final coatings tw
shed fouling or repel CBW agentsBlock
co-polymer coatings will vield self-clean-
ing, non-fouling, drag-reducing coatings
fior ship and submarine hulls, and for e
on ROV, moorings and unattended
underwater svatems. These coatings will
be self-healing and will not be function-
ally impaired by abmsion or punctures
and will provide a minimum of 10 vears
of operational service on steel, compos
ite and polymeric materials. The coar-
ings will reduce drag. thereby optimiz-
ing speed and performance of hulls, and
contain acostic energy propagacion
ylelding acoustic signarure control and
enhancing stealth. Embedded and pro-
cess specific sensors will be used to cone
trol lay-up process and to kdenrify con-
dirions requiring nutintenance or repair.

Condition-based vice time-based main-
tenance will result in higher levels of
readiness at significantly reduced cost.
Mainrenance of complex mechanical
machinery on Navy platforms will be
performed on condition-hased schedul-
ing, reducing the costs of premarure re-
moval, keeping major assets ready, and
reduscing manpower requirements. This
will be achieved by integrated mainte-
nancefbartle damage contral systems.
Sensor suites will be located ar critical
potnts on machinery, connected by fiber

optics and opticfelecrronic links. Ad-
vanced fault 1D and failure prediction
algorithms will use the dara from these
senisors and mpidly computable physical
masdels to track the condivion of the sys-
tems and divect conditbon-based main-
tenance. The enabling of CBM will plso
stonificantly reduce the logistics tail. The
extensive sensor suites will also support
putomaric battle damage conool, Some
of these sensors will be combined with
actuatons im smart materials capable of
limiring the spread of damage (eg. com-
posite tearing). The 3-D displays indi-
cating fault/damage location will also
serve for embedded training of person-
nel on multiple damage scenarios, and
will also permit o reduction in crew size
with mainrenance tasking.

Cross Cutting
Many of the required leap forward ca-
pabilities of the Novy After Next will im-
jract aill four critical operutional demains .
These cross-cutting capabilities will (1)
enhance personnel readiness throgh rev-
olutionary advances in training technolo-
gies; (2) improve svategic planning and
decision-making through grectly enhanced
and accurate environmental predictions;
(3) simplify logistics support and life-cy-
cle management through compruter con-
trolled manufacturing, maintenance and
repatr; (4) enhance stealth. signuture con-
trol, and mission execution through the
ability to exploit, smart control surfaces;
and, (5) provide a comprehensive tactical
picture through advances in data discrim-
fruation, integration and fusion oftimize for
the battlespuice commander.
» Embedded training systems will provide
on-demand, anywherefanytime ad-
vanced training capabilities. Navy/Ma-
rine Corps personnel will receive rimely
training and on-line pedformance wssess-
ment to prevent skill perishability, sig-
nificantly reducing instructors and shore
training logistics. Advanced intelligent
computer based-training systems will be
capable of real-time on-line dingnosis of
sudent conceprual or procedural errors
and will prescribe and deliver individu-
ally optimized corrective instruction.
Realistic simulatlons of naval systems

will provide the capability for joint and
combined training in hybrid environ-
ments { live and virtual), full simulatkon,
rehearsal capahbility for all expected mis-
ssons both inter- and intra-ship, Train-
ing coars associated with changes in
equipment will be minimal because vir-
tual environment mraining systems will
be reconfigurable and deployable.

Pharmaccutical advances will allow
Mavy/Marine Corps personnel to expe-
rience enhanced physical and cognitive
performance as a result of improved
sleep and reduced stress deficits. lm-
proved decision making will reduce hu-
man error and allow berrer use of ad-
vanced technologies, Disabling/distract-
img inbections will ke FII!'-."'-"E'I'ltl.‘d by imi-
proved broad-spectrum mucosal vac-
cines. Injured personnel will be protect -
ed from life-theeatening wound infec-
tions through immunoprotectants, ex-
tensive blood loss will be comected by
therpeutic oXYEEN-CAITYing resuscita-
ticn Muids thar preserve vieal ongan func-
tipm, and novel organ and fimb trons-
plantation strategies will permit recov-
ety from maore serbous wounds withent =
permanent disabilivies.

Software and hardware advances will
result in revolutionary information pro-
cessing capabilities. Innelligent machine-
aided rupid production of reliable, rews-
ahle and secure software will reduce costs
and prevent intentional or accidental
imEErmEption of mdormanion flow. "Wire-
|=eg computer networks will enable al-
lied platforms to communicare by high
rate dara paths on a standard network.
Real-time language rranstarors and nar-
ural language computer interfaces will
enable allies from different narions o
CoMmmUnicate in real-time among oom-
batant forces and with civilians in po-
lice acrions.

Composite materials with embedded
sensors and actuators will allow dynam-
ic shape control for maneuver and per-
formance optimization. Strong. flexible
materials of high-srength fiber and bind-
ers will be combined with electrostric-
tive actuators and filker opric sensofs (o
produce o platform shell that can reform



itself to adapt to its environment of op-
erational need. Pilorsd of autonomous
aircraft will be made seamlessly and will
maneuver with sdaptive surfaces.

Reliable 30-day forecasts of ocean and
atmospheric conditions will optimize
naval operations. Enhanced compata-
tional capacity coupled with higher res-
olution space-based sutonomaoas sensors
systerns will yield more comprehensive
and accurate battlespace weather and sea
condition nowcasting and forecasting
through numerical models. The chaotic
nature of air and marine conditions com-
promibses long-rerm predicrabilioy reguir-
ing intelligent systems thar will recog-
nize patterns and explodr new paradigms
I mndl.-|in|§ and srmulation o exeend
relishle prediction into the realm thax
will provide the battlespace commander

with significant advantages for sea-hased,
amphibious or air operations. Nowcasts
will be visualized in three-dimensional
displays with real-time model forecass-
ing predicrions available on command
with regional specificity. Such capakili-
ties should sugment decision making
terms of type of weapon for the targer,
timing of assaules as well as providing a
seamless interface with other concurrent
battlespice activities.

Cvbernetic agile manufacturing and re-
pair will allow paperless manuofactoring
of platforms and weapons for minimum
cost and independence from an under
first-rime, paperless design, manufactur-
ing and maintenance will reduce costs
and lead-time for placform construction.
Direct compurer controlled lay-up of

composite structures with embedded sen-
sory, data buses and prined wiring will
eliminate naval dependence on a collaps-
ing industrial based and permicauomar-
ed repair of hattle damage in remote lo-
carione Virtual prototyping will obviate
the need for physical prototyping. Com-
plex products will be designed and dis-
rributed digitally among totally integrar-
ed organizations that include suppliers,
producers and customers. Product prop-
erties and their behavior will be reliakble
simulared and manufacturing processes
will be accurately modeled pricr to build.
Advances in modeling and simulation
will imipact strategic planning, large
scale physical models, e.p. meterology,
the acquisition process and affordable
manufacturing.
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VADM H. G. Bowen
July 1845 - Oetobar 1946

RADM C. M. Bolstar
August 1857 - Decambar 15953

RADM L. D. Coatas
January 1861 - Jduna 1964

RADM P.F. Lee
November 1946 - June 1948

RADM F. R. Furth
Jdanuary 1854 - January 1956

RADM .J. K. Leydon
June 1964 - June 1967

AADMT. A. Solberg
July 19448 - June 1857

RADM Rawson Bennett
January TS - Jamnuary 1961

RADMT. B. Owens
iy 1967 - June 1870



RADM C. 0. Holmguist RADM M. D.Van Orden RADM R. K. Geiger
June 1870 - June 1973 June 1973 - July 1975 August 1975 - July 1978

RADM J. A. Baciocco RADM L. 5. Kolimorgen RADM J. B. Mooney
July 1978 - August 1881 July 1981 - Oclober 19583 November 1883 - August 7987

RADM J. R. Wilson RADM Marc Y. E. Pelaez

September 1887 - Juneg 7950 - Juna 1993 - Praseni




Chief Scientists and Technical Directors m—

Dr, Alan T. Waterman Dr. Emmanuel A. Piore Dr. Thomas J. Killian
15945 - 1851 189571 - 1954 18955 - 19509

Dr. F. Joachim Weyl Dr. Peter King Dr. William P. Raney
1960 - 1965 19565 - 1971 18771 - 1878

Cir. Jerome A. Smith Dr. Marvin Moss Dv. Fred E. Saalfeld
1979 - 18583 1983 - 1987 1987 - Prasan!



O Brice . Heezon

Ohceemograpler Marie 'J'?a..iq'.l iy shywn in thiv photo from the earlv 1950% of ker drawing board detailing one of er
Sfameus geophysical charts of the sea foor. She has been associated with Lamont-Dokerry Geologleal Observalory,
Colwnbia University, since its fowndime in 19499 pnpil retiring in P98, During this fime she collaborated with e lare Dr,
Bruce C. Heezen in the study of sea floor topography; this work was funded by the Office of Maval Research for many
vears, fn 1977 their studies resulted in the famous World Ocean Floor Panorama. This pietorial representation of the sea
Saor is based on more thaw 5,000,000 miles of soundings taken by oveanographic instinions and kydrographic bureaus
of many countries and the bathymerric stidies by Dy Heezen and Marde Tharp, The chart remaing today a standard for
ifs accuracy in depiciing the features of the ocean floor



